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THE  PATHOGENESIS  OF  ENAMEL  HYPOPLASIA; 
AN  EXPERIMENTAL  STUDY^ 


SEYMOUR  J.  KRESHOVER* 

Yale  University,  New  Haven,  Conn. 

In  a  previous  publication  (1)  the  author  described  changes  in  the  developing 
teeth  of  a  series  of  infants  and  human  fetuses  which  permitted  the  tracing  of  the 
pathogenesis  of  enamel  hypoplasia  from  its  earliest  manifestations  to  the  end 
result  of  clinically  demonstrable  defects.  The  present  study  was  undertaken  in 
order  to  provide  an  experimental  check  on  the  conclusions  drawn  from  the  find¬ 
ings  in  human  teeth. 

Althou^  hypoplastic  lesions  have  been  produced  by  Erdheim  (2)  and  Toyo- 
fuku  (3)  in  parath3n’oidectomized  rats,  and  by  Mellanby  (4)  in  puppies  fed  a 
rachitogenic  diet,  no  attempt  was  made  to  demonstrate  a  complete  histogenesis 
of  enamel  h)T)oplasia.  Schour  and  Smith  (5),  however,  in  an  experimental 
study  of  fluorisis  in  rats,  endeavored  to  find  the  earliest  lesions  that  could  be  de¬ 
tected  histologically.  Attempts  to  demonstrate  a  complete  sequence  of  histologic 
changes  in  the  pathogenesis  of  experimentally  produced  enamel  hypoplasia, 
present  certain  difficulties.  Available  methods  of  study  must,  therefore,  be 
assayed  before  one  or  another  procedure  is  follow'ed. 

The  continuous  development  and  growth  of  the  incisor  teeth  of  rodents  makes 
these  animals  particularly  desirable  as  subjects  for  study.  Manifestations  of 
hypoplastic  lesions  can  thus  be  examined  in  the  same  tooth  at  all  stages  of  enamel 
formation.  The  end  result  of  injury  to  the  functioning  ameloblasts  in  the  apical 
portion  of  the  tooth  would  be  manifest  in  the  incisal  region  where  enamel  has 
reached  its  completed  formation  stage.  To  successfully  accomplish  this  end  the 
ameloblastic  injury  must  be  such  as  to  result  in  clinically  demonstrable  defects. 
However,  if  this  be  done,  the  severity  of  the  initial  lesion  and  the  rapidity  of  its 
progression  make  it  problematical  whether  all  the  typical  changes  in  the  histo¬ 
genesis  of  enamel  hypoplasia  would  be  demonstrable.  That  is,  there  may  be 
80  rapid  an  alteration  of  ameloblastic  function  and  morphology  that  the  visible 
changes  would  be  more  toward  the  end  result  of  abnormal  enamel  formation. 
Sacrificing  animals  at  varying  periods  of  time  following  application  of  the  injuri¬ 
ous  agent  might  conceivably  provide  a  method  for  revealing  certain  stages  of 
enamel  hypoplasia  at  their  moment  of  manifestation. 

‘  The  data  presented  are  taken  from  a  dissertation  presented  to  the  Faculty  of  the  Gradu¬ 
ate  School  of  Yale  University  in  candidacy  for  the  degree  of  Doctor  of  Philosophy.  This 
work  was  done,  in  part,  during  tenure  of  a  Carnegie  Fellowship  from  the  Thomas  W.  Evans 
Museum  and  Dental  Institute,  School  of  Dentistry,  University  of  Pennsylvania.  Received 
for  publication  April  20,  1944. 

*  Captiun  D.C.  AUS. 
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A  more  feasible  experimental  procedure  would  be  to  vary  either  or  both  of  the 
following  factors:  the  type  of  etiologic  agent  and  the  susceptible  host.  It  is 
apparent  that  two  such  variables  could  make  for  a  diversity  of  resulting  lesions, 
the  severity  of  which  would  depend  upon  the  degree  of  susceptibility  of  a  par¬ 
ticular  animal  specie  to  a  particular  injurious  agent.  It  would,  therefore,  be 
within  the  realm  of  possibility  to  prognosticate  the  severity  of  injury  to  the 
developing  tooth.  Individual  variations  in  susceptibility  of  animals  of  the 
same  species  to  identical  injurious  agents  is,  however,  an  additional  consideration. 


TABLE  I 


ANIMAL 

NUMBER 

WEIGHT 

or 

ANIMAL 

INJECTIONS  or  TUBERCLE 
BACILU 

EVIDENCE  or 
TUBERCULOSIS 
AT  AUTOPSY 

AUZAUNX  UD  S  DiJKCTXD 

Amount 

Site  of 
Inocul. 

Time  between 
Inocul.  and 
Death 

Gross 

Micro. 

Amount 

Niunber 

of 

Injec¬ 

tions 

Time  between 
Injections 

Time 

between 

last 

Injec. 

and 

Death 

gm. 

mgm. 

days 

days 

cc. 

krs. 

days 

1 

350 

0.1 

Groin 

80 

+ 

+ 

1.0 

.  6 

48—46^  -4.S 

72 

—72 

2 

0.1 

Groin 

80 

+ 

+ 

1.0 

6 

IS  iS  48-48 

72 

—72 

3 

350 

0.05 

Groin 

80 

+ 

+ 

1.0 

6 

IS  48  -48  -4S 

72 

—72 

4 

195 

0.05 

I.P. 

71 

+ 

+ 

5 

350 

0.05 

Groin 

24 

+ 

+ 

6 

350 

0.1 

Groin 

81 

+ 

+ 

7 

350 

0.05 

Groin 

8 

0 

0 

1.0 

5 

48  48-^8—48 

3 

—48 

8 

350 

0.05 

Groin 

9 

0 

0 

1.0 

6 

IS  48-48  48 

1 

—72 

9 

350 

0.05 

Groin 

10 

0 

0 

1.0 

6 

48  48  IS  48 

2 

—72 

10 

0.1 

Groin 

13 

0 

0 

1.0 

6 

48  -48—48—48 

5 

—72 

11 

115 

0.1 

I.P. 

17 

0 

0 

12 

120 

0.1 

IP. 

24 

0 

0 

13 

0.05 

Groin 

94 

+ 

+ 

14 

0.1 

Groin 

160 

+ 

+ 

1.0 

6 

48-48  48  48 

152 

—72 

The  aim  of  the  present  study  was  directed  toward  the  attempted  production 
of,  first,  the  earliest  stages  and,  second,  the  terminal  stages  of  enamel  hypoplasia. 

Two  possible  experimental  methods  were  considered  for  the  demonstration  of 
the  earliest  histologic  changes:  to  employ  either  a  mild  injiu^ous  agent  or  to 
select  animals  with  a  relatively  high  degree  of  resistance  to  a  particular  agent. 
The  low  degree  of  susceptibility  of  mice  to  experimental  tuberculosis  seemed  to 
favor  the  possibility  of  such  a  procedure  resulting  in  dental  abnormalities  which 
would  be  mild  in  character;  that  is  provided  this  disease  could  cause  an  enamel 
hypoplasia  (6) .  The  probability  that  an  animal  with  a  higher  degree  of  suscepti- 
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bility  to  tuberculosis  than  the  mouse  would  show  far  more  severe  dental  changes, 
se(‘med  to  afford  the  means  for  studying  the  advanceil  stages  of  enamel  hypo¬ 
plasia.  The  guinea  pig  was  selected  for  this  purpose.  No  such  approach  to  this 
type  of  study  has  been  found  in  the  literature. 

M.ATKKIALS  AND  MP:TtiOI)S 

The  material  and  experimental  procedure  employed  in  the  first  part  of  this 
study  have  bixm  described  in  a  preliminary  report  dealing  with  tuberculosis  as  an 
etiologic  factor  in  abnormal  amelogenesis  ((}).  For  the  purpo.se  of  comprehensive 
presentation,  this  information  is  repeated  here  in  part. 

A  total  of  92  mice  were  u.sed.  Seventy  of  the  animals  were  inoculated  intra- 
{K'litoneally  with  either  the  bovine  or  human  type  of  tut>ercle  bacilli.  The  ages 
of  the  mice  at  the  time  of  inoculation  varied  from  10  to  50  days,  and  the  amounts 
injected  ranged  from  0.05  to  0.7  mgm.  per  100  grams  of  body  weight.  The  ani¬ 
mals  were  .sacrificed  at  from  180  to  204  days  after  inoculation.  The  22  mice  which 
servetl  as  controls  were  sacrificed  at  corresponding  age  periods. 

Following  celloidin  emlx'dding,  decalcification  and  paraffin  infiltration,  the 
mandibles  of  all  92  animals  were  cut  serially  in  a  longitudinal  plane,  mounted, 
and  stained  with  hematoxylin  and  eosin.  Some  of  the  maxillae  were  similarly 
prepared. 

The  teeth  of  20  guinea  pigs  completed  the  material  for  the  present  study. 
Fourteen  of  the  animals  were  inoculated,  either  intraperitoneally  or  in  the  groin 
region,  with  the  human  type  of  tul)ercle  bacilli.  The  remaining  guinea  pigs 
served  as  controls.  The  do.sages,  .site  of  in(K*ulation,  ami  duration  of  the  experi¬ 
ment  are  given  in  Table  I.  Intraperitoneal  injections  of  .Alizarine  Red  S  were 
given  in  some  instances.  .All  the  animals  were  sustained  on  normal,  adeipiate 
diets.  .A  complete  autopsy  was  performetl  in  each  case  immediately  after  death. 
The  mandibles  were  removed,  dividtHl  into  right  and  left  halves,  and  fixinl  in  10% 
formalin.  .After  following  the  same  histologic  technique  of  double  embeilding 
{IS  employed  with  the  mouse  material,  longitudinal  .serial  sections  were  cut  at  8 
micra  ami  stained  routinely  with  hematoxylin  and  eosin. 

FIND  INC, S 

Since  a  detaiUKl  description  of  the  dental  changes  in  the  series  of  tulHTculous 
mice  has  bwn  made  previously  ((>),  only  such  findings  as  Ix'ar  upon  thepurpost‘of 
this  report  will  l)e  presented. 

.At  autop.sy  09  of  the  total  of  70  experimental  animals  .showinl  evidence  of 
tuberculosis  in  their  viscera.  .A  like  numlnT  inanifesttHl  injury  to  the  deveU>ping 
dental  organ.  The  negative  findings  were  not  in  the  same  animal.  No  changes 
were  observed  in  the  control  group. 

The  (h'litjil  lesions  W(*re  strikingly  similar  to  those  descrilMnl  in  human  material 
(1)  Jis  r(‘pr('senting  the  earlier  stages  in  the  patlu)genesis  of  enamel  hypoplasia. 
Typical  were,  the  deposition  »)f  (‘iiamel-like  droplets  subjacent  to  injurtH.1  enamel 
forming  cells,  pykno.sis  and  karyolysis  of  the  nuclei,  and  vacuolization  of  theamel- 
oblast  ic  layer.  These  changt's  are  demonst  rattnl  in  Jigs.  1 ,  ^  and  S. 

Of  the  guinea  pigs  inoculattHl  with  tulH'rcle  bacilli,  1 1  showwl  marktxl  changes 
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iii  the  anu*l«)l)Ia.sts  and  subjacent  surface  of  organic  enam«*l  matrix.  Xo  mor¬ 
phologic  change  was  demonstrahle  in  the  ameloblasts  of  the  nmiainin^  3  experi¬ 
mental  animals.  In  many  instances,  the  dentin  showcnl  evidence  of  develop¬ 
mental  disturbance.  The  0  animals  comprising  the  control  group  showed  no 
dental  abnormalities. 


Fig.  1,  i  and  3.  Maiulihuhir  inciHorH  of  tuberculous  mice  shovviiiir  amelolilastie  injury 
unci  deposition  of  enumel-like  dr«»plets.  (Orin-  aiiiK-  X  225;  X  ‘2tH);  X  2tMt) 

Fig.  4  Xormul  appeurunce  (»f  anteloblasts  and  ornanie  enamel  matrix  as  seen  in  a  control 
guinea  |jig.  (Orig.  mag.  X  270) 

Houtine  autopsy  e.vamination  disclosed  gro.s.s  evidence  of  tub(‘rculo.sis  in  the 
viscera  ol  S  animals  of  tlu;  experimental  group,  "rbris*  of  these  guiiu'a  pigs  faiU*d 
to  show  any  changes  in  the  enamel  organ.  Certain  abnormalities  were  observtKl, 
however,  in  the  dentin.  .\lth(jugh  no  microscopic  lesions  of  tulH*rculosis  were 
found  in  the  remaining  b  experimental  miimals,  all  showt*d  definite  injury  to  the 
amelcjbla-sts.  Stains  for  acid  fast  organisms  w(*re  lU'gative  in  all  b  cases. 

'I'hi;  characteristic  dental  changes  are  In-st  recognizc'd  wlnai  compared  with  the 
normal  picture  sc-en  in  the  control  animals  (Jig. 'I'he  tall,  slender  ameloblasts 
an;  regular  and  uniform  in  arrangement,  and  their  elongated,  pale  blue  staining 
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nuclei  arc  located  in  the  usual  peripheral  pf)sition.  The  ameloblastic  basement 
membrane  is  well  defined  and  the  underlying  surface  of  organic  enamel  matrix 
shows  the  usual  uniform  terminations  of  the  enamel  rfxis.  The  stratum  inter¬ 
medium  is  composed  of  several  layers  of  cufxndal  cells,  and  the  stellate  reticulum 
of  loosely  arranged  epithelial  cells  connected  by  long  intercellular  bridges. 

The  dental  enamel  changes  ol:>ser\'ed  in  the  experimental  animals  are  uniformly 
severe  and  consequently  permit  comparison  with  thase  lesions  described  in  human 
teeth  (1)  as  representing  the  later  stages  in  the  pathogenesis  of  enamel  hj-poplasia. 
The  least  severe  of  these  changes  is  characterized  by  a  complete  alteration  in  the 
appearance  of  the  ameloblastic  layer  (Jig.  5).  Ameloblasts  are  no  longer  recog¬ 
nizable,  and  in  their  stead  are  numerous,  haphazardly  arranged,  pyknotic  and 
karyolytic  nuclei,  and  cytoplasm  which  has  been  reduced  to  a  faint,  pink  staining, 
amorphous  structure.  Scattered  throughout  are  countless,  small,  round,  blue 
staining  droplets  having  the  appearance  and  staining  characteristics  of  calcium. 
Xot  illustrated  in  the  photomicrograph,  is  the  extension  of  these  tiny  globules 
into  the  reduced  outer  enamel  epithelium  and  outer  stroma  of  raesenchjTnal  and 
young  connective  tissue.  More  frequently,  however,  the  droplets  are  of  larger 
size  and  are  present  only  in  the  zone  of  ameloblastic  injur>'.  In  many  instances, 
the  globular  material  is  in  the  form  of  large,  irregular  masses  probably  formed 
by  the  fusion  of  many  small  droplets  (Jig.  6). 

Possibly  representing  a  more  severe  change  is  the  transformation  of  the  amelo¬ 
blastic  zone  into  an  edematous-like  stnicture  (Jig.  7).  An  interlacing  network  of 
tine,  pink  staining  fibrils  provides  the  framework  for  the  edema  fluid.  Xiunerous 
fragmented  cells  and  pyknotic  nuclei  are  found  throughout  the  area.  In  other 
sections,  enamel-like  globules  of  irregular  size  and  shape  also  are  present  (Jig.  8). 
It  is  apparent  that  these  globules  descend  from  the  rt'gion  of  the  stratum  inter- 
metiium,  coalescing  as  they  approach  the  enamel  surface  to  form  larger  and  more 
irregular  masses. 

Lesions  similar  to  those  dt'scrilnxl  were  ol^servixi  also  in  the  molar  teeth. 
Fig.  9  shows  an  example  of  one  such  change.  'I'he  ameloblastic  zone  is  edema¬ 
tous  and  contains  numerous  injurtnl  cells.  Ht'sting  partly  upon  the  enamel 
matrix  surface  is  a  large  mass  of  enamel-like  material.  Ihrojecting  from  it  are 
several  long  strands  of  similar  material  which  coiu-st'  bt'twwn  the  malformed  cellu¬ 
lar  elements,  and  also  toward  the  taiamel  surface  whert*  they  form  button-like 
caps. 

The  terminal  stage  of  enamel  hypoplasia,  chamcteriztxl  by  a  complete  cessa¬ 
tion  of  enamel  fomiation  following  ilestruction  of  aineK)blasts,  is  represented  in 
Jigs.  10  and  11.  No  ameloblasts  or  rtaunants  thert'of  aiv  pimait,  and  the  base¬ 
ment  membrane  of  the  stratum  intermedium  is  in  ilirect  cimtact  with  the  under¬ 
lying  thin  shell  of  irregular  emunel  matrix  (Jig.  10).  d\>  the  right  and  left  of  this 

wide,  cup-shaped  defect ,  ameloblasts  are  st*t*n  ti»  i*verlie  a  moiv  completely  formeil 
enamel  matrix.  A  similar  but  more  striking  change  is  st'en  uitig.  11.  Legalized 
art'as  of  organic  enamel  matrix  extend  inti»  tin*  tielil  i»f  functkaiiug  ameloblasts 
forming  nodule-like  projections,  riu*  intervt'uing  enamel,  underlying  com¬ 
pletely  destn>y<‘d  ameloblasts,  is  th‘tieient  in  amount. 
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Fig.  5.  Mandibular  incisur  of  tuljorculous  Kuinea  showing  marked  injury  to  amelo¬ 
blastic  layer  and  presence  of  numerous  small,  round,  blue  staininx  droplets  throuxhout 
region.  (Orig.  mag.  X  720). 

Ftg.  6.  Large,  irregular,  enamel-like  ma.s8es  overlying  (he  organic  enamel  matrix  of  man¬ 
dibular  incisor.  Ameloblastic  nuclei  are  pyknotic  and  irregularly  distributed.  (Orig. 
mag.  X  375) 

Fig.  7.  Mandibular  incisiir  of  tuberculous  guinea  pig  showing  (‘dematous-like  appearance 
of  ameloblastic  layer.  (Orig.  mag.  X  2H5) 

Fig.  H.  Large,  irregular  masses  of  enamel-like  material  are  .seen  in  edematous  zone  l)e- 
tween  stratum  intermedium  and  organic  enamel  matrix.  (Orig.  mag.  X  345) 

Fig.  9.  Molar  tooth  of  tulK*rculous  guinea  pig  with  changes  .similar  to  tlmse  in  Jign.  7  and 
IS.  (Orig.  mag.  X  300) 

Fig.  10.  ('up-shai>ed  enamel  defect  in  mandibular  incisor.  Note  absence  of  ameloblasts. 
(Orig.  mag.  X  200) 


In  several  sectiou.s,  large  cystic  art*a.s  were  discovert*ii  in  the  e.xtrenie  apical 
portion  of  the  developing  teeth  {Jig.  IJ).  A  thin  shell  of  organic  t*nainel  inatrLx 
forms  a  portion  of  tin*  inferior  cyst  wall,  the  remainder  of  the  lining  being  formed 
by  a  thick  layer  of  pyknotic  ameloblasts. 
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In  addition  to  the  lesions  described  in  the  enamel  organ,  definite  changes  were 
observed  in  the  dentin.  The  most  striking  of  these  was  the  presence  of  Mnde, 
prominent  incremental  bands  signifying  long  perifxls  of  arrested  development. 
In  many  cases,  the  odontoblastic  layer  in  the  radicular  portions  of  the  teeth  was 
absent,  and  the  subjacent  pulp  contained  large,  irregular  masses  of  pink  staining 
osteoid  tissue  in  which  tubules  were  frequently  seen.  In  those  regions  where 
odontoblasts  were  present  they  showed  marked  cystic  changes. 

A  further  interesting  change  was  the  unusual  staining  reaction  of  the  dentin. 
Whereas  normally  the  predentin  layer  takes  an  extremely  pale  eosin  stain,  and 
the  calcified  dentin  a  deeper  pink  or  purple  stain,  the  tuberculous  guinea  pigs  often 
showed  a  reversal  of  these  staining  properties. 


Fig.  11.  Multiple  notch-like  defects  in  organic  enamel  matrix  of  a  mandibular  incisor. 
lOrig.  maR.  X  2:i0) 

Ftg.  12.  Larne,  cyst -like  formation  in  the  apical  region  of  a  mandibular  incisor  from  a 
tuberculous  guinea  pig.  (Orig.  mag.  X  1751 

i)is(  rsslox 

The  similarity  t)f  cluinges  descrilnHl  in  the  present  iTqH>rt  to  certain  of  the 
lesions  observtMl  in  human  materitil  (1)  makes  iH>ssible  a  moiv  complete  experi¬ 
mental  confirmation  of  the  profi'ertHl  concept  regariling  the  stniut'nce  of  histologic 
changes  involved  in  the  patlu»genesis  of  hypoplastic  enamel. 

A  iliscu.ssion  of  tin*  ob.servtHl  changes  in  the  group  i>f  exjH'rimeutal  mice  (ti) 
is  re^H'atiHl  here  in  ptirt. 

Two  possibiliti«*s  are  consith'ied  which  may  account  l\>r  the  relatively  slight  degree  of 
hypt)phistic  change.  Since  none  of  the  experimental  mice  slu>w  evidence  of  incomplete 
enamel  formation  subjaceiU  to  the  injured  ameloblasts  or  gross  defects  in  the  erupted  pi»r- 
tions  of  the  teeth,  it  is  possible  that  the  animals  im»y  have  l*een  sacrificed  Iw'fore  the  end 
result  of  cell  destruction  couhl  manifest  itself.  However,  the  period  of  time  l>etween  inocu¬ 
lation  and  death  (ISti  to  JtH  days)  seetns  ample  for  such  ilefects  to  make  their  appt'arance. 
It  is  likely,  thi*ri‘fore,  that  the  degree  t>f  cell  injury  is  not  severe  enough  to  result  in  cessa¬ 
tion  of  enamel  formation.  If  tin*  injury  is  not  so  severe  as  t^»  cause  complete  cell  destruc¬ 
tion.  it  is  conceivable  that  the  enamel  ftirming  cells  ntay  return  tr>  normal  function  leaving 
merely  a  prominent  incrtMuental  lim*  to  mark  the  ptuiod  of  abnormal  amelogenesis.  Since 
mice  are  comparativtdy  resistant  to  experintental  tuberculosis  ^7).  it  is  to  be  exjH'cted  that 
even  large  doses  of  tubercle  bacilli  may  cause  little  or  no  disturbance.  It  is  of  interest  to 
note  that  there  is  no  correlation,  in  the  presmittal  material,  between  the  degree  of  amelo¬ 
blastic  injury  on  I  he  one  hand  and  t  he  dosage  or  iluration  of  the  rlisease  process  on  the  other. 
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Mire  receiviiiK  small  doses  of  tubercle  bacilli  show  no  less  severe  dental  changes  than  those 
receiving  large  doses,  and.  similarly,  animals  sacrificed  1S6  days  after  inoculation  present 
iKi  significantly  different  picture  than  those  with  a  longer  disease  course. 

Of  the  14  guinea  jiigs  inoculated  with  tubercle  bacilli,  8  showed  gross  evidence 
of  tulx'i’culosis  in  their  viscera.  Autopsy  examination  of  the  remaining  6  ani¬ 
mals  failed  to  show  such  lesions  either  grossly  or  microscopically.  Since  the 
memlx*rs  of  the  latter  group  diMl  in  from  8  to  24  days  following  inoculation,  the 
po.ssibility  is  considertHi  that  the  duration  of  the  disease  was  not  sufficient  to 
result  in  pathologic  manifestations.  The  positiv'e  dental  findings  in  these  6 
animals  cannot,  therefore,  lx  definitely  attributed  to  tulxrculosis.  It  is  seen 
in  Table  I,  that  4  of  these  guinea  pigs  were  given  several  injections  of  Alizarine 
Ked  S.  It  is  thus  po.ssible  that  toxic  effects  of  the  dye  may  have  been  responsible 
for  their  de‘ath  as  well  as  for  the  dental  lesions.  However,  the  dye  was  also  given 
to  4  animals  in  the  group  showing  gross  evidence  of  tuberculosis  at  autopsy.  One 
of  these  guinea  pigs  sur\  i\'ed  for  100  days,  whereas  the  remaining  3  were  sacri¬ 
ficed  in  80  days.  This  would  seem  to  provide  some  evidence  against  the  toxic 
effects  of  alizarine  since  identical  doses  were  given  in  similar  number  to  animals 
of  approximately  the  same  age  and  size.  However,  the  alizarine  injections  were 
discontinued,  in  all  instances,  after  a  brief  period  of  time.  Consequently,  no 
pasitive  statements  can  be  made  other  than  that  individual  variations  in  sus¬ 
ceptibility  is  a  pos.sible  factor  for  consideration. 

The  3  animals  which  failed  to  show  any  dental  lesions  were  all  from  the  group 
of  8  which  develo[xd  gro.ss  signs  of  tuberculosis  in  their  viscera.  Two  of  these 
guinea  pigs  were  sacrificed  at  80  tlays  and  had  receix  ed  alizarine,  and  the  remain¬ 
ing  animal  was  sacrificed  at  24  days  after  inoculation  and  had  not  received  any 
alizarine.  Xo  attempt  is  made  to  explain  the  absence  of  ameloblastic  injury  in 
these  animals.  All  3,  however,  showtKl  evidence  of  abnormal  dentin  formation. 

CONCLUSIONS 

Exix'iimental  findings  are  pre.sented  which  demonstrate  and  clarify  the  se- 
<iuence  of  histopathologic  changes  involved  in  the  pathogenesis  of  enamel 
hypoplasia.  These  changes  consist  of: 

1.  Abnormal  formation  or  secretion  of  enamel-like  substance  subjacent  to  and 
within  the  cell  cytoplasm. 

2.  Beginning  vacuolization  of  ameloblasts. 

3.  C'omplete  cystic  destruction  of  ameloblasts. 

4.  Cessation  of  enamel  ffjrmation  resulting  in  notch-like  defects. 
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ULTRAMICROSTRL'CTURES  OF  THE  HUMAN*  TOOTH  AS 
REVEALED  BV  THE  ELECTR(JN’  MICROSCOPE^ 


CHARLES  H.  GEROULD 
The  Dow  Chemical  Company,  Midland,  Mich. 

IXTRODUCTIOX 

The  field  of  electron  microscopy  has  expanded  considerably  within  the  last  few 
years  due  in  large  part  to  the  advances  in  the  application  of  the  transmission 
electron  microscope  to  surface  studies  of  electronically  opaque  bodies.  Several 
techniques  of  applying  the  electron  microscope  to  the  study  of  surface  structures 
have  been  developed  (1),  one  of  which  is  the  polystyrene-silica  surface  replica 
technique  of  Heidenreich  and  Peck  (2, 3).  This  replica  technique  has  given  excel¬ 
lent  results  in  studying  the  surface  of  metals,  minerals,  glasses,  etc.,  and  initial 
results  with  tooth  structures  have  indicated  that  the  technique  is  applicable 
here  {Fig.  1.  Original  magnifications  4500.).  Briefly  the  technique  consists 
in  the  preparation  of  first,  a  negative  replica  of  the  surface  using  a  molded  thermo¬ 
plastic  polystyrene,  and  second,  a  positive  replica  film  by  evaporation  of  silica 
on  the  polystyrene  molding.  This  silica  film  serves  as  the  object  viewed  in  the 
electron  microscope. 

The  application  of  this  replica  technique  in  the  study  of  tooth  structures  ^\•ill 
be  considerwl  in  this  pai)er,  with  the  histological  interpretation  of  the  pictures 
so  obtained  left  to  a  future  paper. 

THE  ELECTROX  MICROSC  OPE 

The  RC’A,  Type  B,  transmission  electron  microscope'  was  useel  in' this  work* 
This  tyjx'  of  instrument  diftei*s  chiefly  from  the  onlinary  light  microscope*  in 
that  the  visible  light  has  Ikm'ii  replacenl  by  an  eUvtron  Ix'am  whose  wavelength  is 
1  1(X),(XK)  of  that  of  light.  This  removes  the  principal  resolution  limiting  factor 
existing  in  the  light  microscope  ami  thereby  allows  a  rt*solution  UK)  times  greater 
or  down  to  about  ().(K)3  microns,  or  perhaps  se)mewhat  less.  tJlass  lenses  caimot 
be  employed  tt>  form  images  with  the  eUndron  Ix'am,  but  suitable  magnetic  or 
eleidric  fields  will  .s(*rve  to  attain  the  ilesirtnl  eUvtronic  imagt's.  Dt'scriptions  of 
elei'tron  microscopes  in  the  litt'iature  are  numerous  (1,  4,  5)  so  details  will  not  be 
prest'iittHl  here. 

Since  electrons  arc*  readily  scattertnl  aiul  alKsorlH*il  by  matter,  bulk  spt*cimens, 
to  lx*  observtnl  in  the  eU'ctron  microseoix',  must  lx*  prepart*<.l  to  a  thickness  of 
less  than  1  micron.  lb>we\  er,  since  in  the  ciuse  i>f  most  materials  it  is  very  ditti- 
ciilt  with  prt*sent  day  ecjuipment  to  .s(*ction  or  griiul  the  material  to  such  a  thick¬ 
ness  \nthout  undue  distortion,  an  indirect  metluHl  must  In*  used  to  make  surface 

*  Received  for  puhlieatii>ii  April  18,  1044. 
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studies.  The  iioly.styrene-siliea  replica  technuiue  quite  adequately  fills  the 
aei'essarj’  reiiuirements.  This  technique  lacks  the  simplicity  of  some  others 
(2>,  hut  is  more  desirable  lK*cau.se  of  the  high  quality  of  reprfxluction  dow'n  to  at 
least  0.01  microns  (3). 

POI.YSTYUE.VE-SILK  A  REPLIC  A  TEC  HN'KiCE 

After  the  sample  to  lx*  studied  has  been  given  the  desire<l  surface  preparation, 
a  plastic  impression  is  made  of  the  surface.  This  first  step  is  accomplished  by 


Fig.  2.  Stereo  electron  mierojtraph  of  the  etched  enamel  interface  at  the  dentino-enamel 
junction  X32(X). 


molding  iH)lystyrene  granules  against  the  six't'iiuen  surface  at  a  tempt*rature  of 
lOO'C.  and  a  pressure  of  approximately  3(KX)  ixmiuls  pt‘r  stpiare  inch.  .Viter 
moUling,  the  exct'ss  polystyr»*ne  is  renu>vt‘tl  from  the  t*dges  and  the  original 
specimen  is  either  strip|H*d  otf  or  dissolvinl  in  aciil  or  caustic. 

Silica  is  now  evaportitt*d  on  tlu*  styrene  rt'plica  surface  by  means  of  a  conical 
timgsten  tihunent  in  vacuum.  -V  relatively  unitorm  silica  film  is  obtained  due 
to  the  high  mobility  of  tin*  condensing  silica  which  allows  silica  molecules  to 
migrate  readily  Intth  t»n  the  polystyrene  and  i>n  the  silica  that  has  already  been 
depositeil.  'Flu*  i(h*jd  thickness  of  silica  film  smns  to  l)e  about  0.02  microns. 
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Tlie  silica  Him  is  cut  into  squares  and  removed  from  the  polystyrene  with  ethyl 
bromide  solvent,  waslu*d  free  from  polystyrene  and  caught  on  specimen  screens 
which  are  placed  in  the  electron  microscope. 

The  interpretation  of  electron  micrographs  (3)  on  the  basis  of  intensity  distri¬ 
bution  of  the  imag(‘  is  encumbered  with  many  difficulties  and  is  quite  inconclusive 
by  itself.  This  is  due  to  the  fact  that  the  intensity  distribution  is  affected  by  a 
numlK*r  of  iiuh'finite  and  varying  factors  such  as  the  Him  thickne.ss,  height  of 
projections,  depth  of  pits,  slope  of  Him  on  walls  of  valleys  and  ridges,  etc. 

A  much  more  positive  method  of  interpreting  electron  micrographs  is  made 
available  by  the  use  of  stereoscopy.  Stereomicrographs,  having  a  total  angle  be¬ 
tween  the  2  pictures  of  8  degrees,  can  Ix^  readily  obtained  in  the  present  electron 
microscope  using  silica  replicas,  ^^’hen  viewed  through  a  stereoscope,  such 
stereo-pairs  are  very  striking  in  their  third-dimensional  quality,  espeiually  where 
abrupt  elevation  changes  occur.  Fig.  2  shows  a  stereo-pair  of  the  enamel  inter¬ 
face  at  the  tlentino-enamel  junction  of  a  human  molar.  This  surface  was  ob¬ 
tained  by  breaking  the  dentin  and  enamel  apart  and  preparing  a  replica  of  the 
expo.s(*d  enamel  surface  after  light  etching.  When  only  one  of  the  stereo  pic¬ 
tures  is  examined  visually,  an  impression  of  a  rolling  surface  is  obtained,  but  it 
Ls  (juite  indeHnite.  However,  the  use  of  the  stereoscope  deHnitely  shows  the 
true  surface  contours.  Fig.  S  shows  the  proHle  or  surface  contour  along  the  line 
AH  of  Jig.  2,  as  determined  by  the  contour  Hnder,  a  (luantitative  stereo-scopic 
instrument  used  in  aerial  mapping.- 

PHKl’AKATIOX  OF  TOOTH  HEPLK'At? 

The  tt*eth  were  sectiomnl  with  a  water-coohnl,  inch  carborundum  cutting 
wheel.  Following  sectioning  the  teeth  were  polished  down  through  4  0  metallo- 
graphic  paper  and  then  etchtni.  Dilute  aciueous  solutions  of  hydnxhloric  acid 
were  used  for  etching,  the  concentration  and  etching  time  varying  with  the 
composition  and  solubility  of  the  particular  region  being  studied.  For  the  readily 
soluble  enamel  a  0.2Sc  hydrochloric  acid  solution  with  an  etching  time  of  2  or 
3  seconds  was  u.sed.  For  the  le.ss  soluble  dentin  and  cementum  a  I  to  2% 
hydrocholic  acid  solution  with  an  etching  time  of  about  5  seconds  was  used. 

After  a  tooth  had  been  moldwl  against  polystyrene  and  the  excess  styrene 
trimmed  away,  the  tooth  was  separati*d  from  the  styrene  by  mechanical  stripping 
if  possible.  In  most  ca.ses  with  dentin  and  cementum  structures  this  stripping 
was  readily  accomplished.  However,  enamel  structures  generally  resistetl  me¬ 
chanical  stripping  unle.s.s  the  etching  was  very  light.  In  such  cases  the  tooth 
section  was  dissolv(*d  in  15%  hydrochloric  acid  for  enamel  structures  and  15% 
hydr(xhloric  acid  plus  5%  hydroHuoric  acid  for  dentin  and  cementum  sometimes 
followed  with  50%  nitric  acitl  in  onler  to  remove  organic  residues. 

One  of  the  difficulties  ex|XTienced  in  this  work  w:is  the  rtH’ognizing  of  spt*cific 
tooth  regions  in  the  electron  micro.scoix.  This  difficulty  was  overctnne  to  a  large 
extent  by  examining  the  polystyrene  replica  in  the  light  microscoix  at  magni- 

*  The  iippHcatioii  of  this  technique  is  descrihetl  in  an  article  in  the  .Journal  of  .Applied 
Physics  (Heidenreich,  It.  I>.,  and  Matheson,  L.  .A.,  Electron  inicro8coi)e  determination 
of  surface  elevations  and  orientations,  J .  .\ppl.  Phjtn.,  16:  423,  1944). 
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Fig.  4-  External  enamel  surface  of  upjjer  crown  of  canine — not  etcheil  (orig.  mag 
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Figs.  8-11.  Knumel  {8,  9),  dentin  (10)  :ind  cenientuin  (11)  surfaces 


Fig.  1£.  Internal  cenientuin  of  molar  etched  (orij'.  nias.  X')31K)) 
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fications  of  100  to  600  times,  using  illumination  through  the  st3Tene.  Thus  the 
specific  region  of  interest  could  be  circumscribed  with  a  stylus  and  silica  film 
removed  from  only  the  circumscribed  region.  This  film  could  then  be  examined 
in  the  electron  microscope  at  magnifications  as  low  as  1500  times  and  the  regions 
quite  readily  recognized.  Photographs  may  be  taken  at  any  magnification  be¬ 
tween  1500  and  15,000  times  and  then  photographically  enlarged  as  desired. 

ELECTRON  MICROGRAPHS  OF  TOOTH  STRLXTL*RES 

In  the  following  section  are  presented  a  number  of  electron  micrographs  which 
in  general  are  representative  of  tooth  structures  and  show  what  can  be  accom¬ 
plished  with  the  electron  microscope  and  the  polystyrene-silica  replica  tech¬ 
nique.  These  are  as  f  ollow  s : 

Fig.  4-  External  enamel  surface  of  the  upper  crown  of  a  canine — ^No  etch. 
X5300  orig.  mag.  Fig.  5.  Profile  along  line  AB  in  fig.  4-  Fig.  6.  Dentin  from 
crown  of  canine.  Dentinal  tubules  cut  nearly  longinal — Etched.  X5300  orig. 
mag.  Fig.  7.  Profile  along  line  AB  in  fig.  6.  Fig.  8.  Enamel  from  incisor  of 
dog — Etched.  X5300  orig.  mag.  Fig.  9.  Enamel  from  human  molar — Etched. 
X5300  orig.  mag.  Fig.  10.  Dentin  from  molar  with  dentinal  tubules  cut 
transversely — Etched.  X5300.  Fig.  11.  Rxtemal  cementum  surface  of 
canine — Etched.  X5300  orig.  mag.  Fig.  12.  Internal  cementum  of  molar — 
Etched.  X5300  orig.  mag. 

CONCLUSIONS 

This  preliminary  investigation  indicates  that  the  electron  microscope  can  be 
effectively  applied  to  tooth  structures  using  surface  replicas.  The  success  of 
this  method  wfill  depend  on  the  surface  preparation  bringing  out  the  structural 
details  as  in  the  case  of  metallography. 

The  interpretation  of  the  electron  micrographs  is  greatly  facilitated  by  the  use 
d  the  stereoscopic  technique  which  can  be  both  qualitative  and  quantitative. 
It  is  hoped  that  advantage  will  be  taken  of  the  possibilities  of  further  applying 
the  electron  microscope  to  dental  research. 

The  author  wshes  to  express  his  appreciation  to  Dr.  D.  A.  Kerr  and  Lt.  F.  K. 
Bradley  for  their  helpful  discussion,  suggestions,  and  criticism. 
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DOMESTIC  WATER  AND  DENTAL  CARIES* 


VI.  The  Relation  of  Fluoride  Domestic  Waters 
TO  Permanent  Tooth  Eruption 

EDWIN  M.  SHORT* 

U.  S.  Public  Health  Service,  National  Institute  of  Health,  Bethesda,  Md. 

Various  observations  (1,  2,  3)  have  been  made  indicating  an  apparent  delay 
in  tooth  eruption  in  individuals  living  in  areas  of  endemic  dental  fluorosis; 
other  investigators  (4,  5)  have  failed  to  confirm  these  findings.  These  observa¬ 
tions,  however,  have  dealt  largely  with  areas  of  high  endemicity,  the  concentra¬ 
tion  of  fluorides  in  the  drinking  waters  being  relatively  high.  It  has  been 
reported  (6)  that  the  feeding  of  high  concentrations  of  fluorides  to  rats  has  sub¬ 
stantially  reduced  the  rate  of  eruption  of  the  lower  incisor  teeth.  As  a  result  oi 
recent  field  studies  concerning  the  effect  of  smaller  concentrations  of  fluorides 
Ml  dental  caries  (7,  8),  certain  data  have  been  made  available  permitting  the 
investigation  of  evidence  concerning  any  delay  in  permanent  tooth  eruption  in 
areas  of  lower  fluoride  concentration.  Because  of  the  inverse  relationship  be¬ 
tween  endemic  dental  fluorosis  and  dental  caries  prevalence,  it  seemed  ad\*isable 
to  determine,  if  possible,  whether  this  variable  might  disclose  an  appreciable 
difference  in  years  of  post  eruptive  tooth  exposure  to  the  risk  of  dental  caries. 

The  8  Chicago  suburban  communities  (7)  besides  presenting  unusual  oppor¬ 
tunities  to  study  dental  caries,  also  offer  certain  advantages  in  the  study  of  com¬ 
parative  eruption  rates.  These  advantages  include  homegeneity  of  populations 
studied,  similarity  of  climatological  factors,  and  range  in  fluoride  (F)  content  of 
the  public  water  supplies,  0.0-1. 8  parts  per  million.  All  dental  examinations 
were  made  by  one  of  two  examiners  (Assistant  Dental  Surgeons  (R)  Da^^dC. 
Johnston  and  Edwdn  M.  Short)  wth  approximately  an  equal  number  in  each  city 
being  done  by  each  examiner.  In  addition  to  these  8  communities,  Galesburg, 
Illinois,  with  a  water  supply  containing  approximately  the  same  concentration 
of  fluorine  as  Elmhurst,  the  highest  fluoride  community  in  the  Chicago  area 
study,  is  included  in  this  series  along  \rith  the  control  city  of  Quincy,  which  uses 
fluoride  free  Mississippi  River  water.  In  order  to  determine  the  effect,  if  any, 
on  tooth  eruption  of  a  public  water  supply  containing  more  fluorine  than  any 
of  those  studied  in  Illinois,  Colorado  Springs,  Colorado,  the  water  supply  of 
which  contains  the  highest  concentration  of  fluorine  of  any  city  sur\'eyed  by  the 
same  examiners,  is  also  included  in  this  aeries  of  citit*8.  In  order  to  provide  a 
measure  of  control  against  this  high  fluoride  community,  the  nearby  city  of 
Pueblo,  whose  water  supply  is  relatively  low  in  fluoride  content,  is  also  included. 

*  Received  for  publication  May  3, 1944. 

*  At  present,  on  duty  U.  S.  Murine  Hospital,  Stapleton,  N.  Y. 
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In  this  series  of  12  cities,  4  (Quincy,  Evanston,  Oak  Park,  and  Waukegan) 
have  water  supplies  that  are  virtually  fluoride  free;  2  (Elgin  and  Pueblo)  use 
water  containing  approximately  0.5  ppm.  of  fluoride  (F);  the  water  supplies  of 
3  conununities  (Joliet,  Maywood,  and  Aurora)  contain  slightly  over  1  ppm., 
and  those  of  2  more  (Galesburg  and  Elmhurst)  have  just  below  2  ppm.  The 
highest  fluoride  city  in  this  series,  namely  Colorado  Springs,  uses  a  water  supply 
the  fluoride  (F)  content  of  which  is  2.6  ppm.  An  inverse  relationship  be¬ 
tween  fluoride  content  of  the  public  water  supply  and  dental  caries  prevalence 
rates  has  been  demonstrated  in  these  12  communities  (8);  those  cities  having 
more  than  1  ppm.  of  fluoride  (F)  in  their  water  supplies  show  from  one-half  to 
one-third  the  caries  experience  rates  of  the  fluoride  free  cities.  Those  2  communi¬ 
ties  using  water  of  approximately  0.5  ppm.  of  fluoride  (F)  lie  approximately  mid¬ 
way  between  the  higher  fluoride  and  fluoride  free  communities  in  caries  experi¬ 
ence  rates. 

On  the  basis  of  a  previously  described  method  of  computing  a  community 
mottled  enameled  index  (9),  3  of  these  12  cities  (Colorado  Springs,  Galesburg, 
and  Elmhurst)  would  be  classified  as  “slight”  and  3  (Joliet,  Maywood,  and 
Aurora)  as  “borderline.”  The  6  remaining  communities  show  a  “negative” 
mottled  enamel  index.  Those  communities  whose  public  water  supplies  contain 
fluorine  in  concentrations  between  1  and  2  ppm.  show  a  very  mild  type  of  dental 
fluorosis  characterized  by  a  few  small  white  opaque  areas  on  a  small  percentage 
of  the  permanent  teeth. 

In  the  dental  examinations  as  conducted  in  the  4453  children,  age  12  to  14 
years,*  of  these  12  communities,  definite  information  was  recorded  for  each  tooth, 
erupted  or  unerupted.  Erupted  teeth  were  marked  as  normal  or  carious,  i.e., 
untreated,  filled,  missing,  or  indicated  for  extraction.  Only  those  teeth  that  had 
erupted  to  the  point  of  being  in  occlusion  or  in  line  of  occlusion  were  classified 
as  erupted.  Unerupted  teeth  were  marked  as  such.  Intermediately  is  the  par¬ 
tially  erupted  tooth,  a  tooth  being  placed  in  this  classification  from  the  time  the 
point  of  the  cusp  makes  it  appearance  through  the  mucosa  until  it  may  be  classi¬ 
fied  as  fully  erupted. 

DATA 

Table  I  shows  the  mean  number  of  erupted  and  partially  erupted  teeth  in  each 
of  the  12  communities  studied.  They  are  placed  in  the  order  of  decreasing 
fluoride  content  of  the  public  water  supply. 

In  Tables  II,  III,  and  IV  the  cities  have  been  grouped  according  to  the  fluoride 
content  of  the  public  water  supply.  Group  1  consists  of  Colorado  Springs,  using 
a  domestic  water  containing  2.6  ppm.  of  fluoride  (F).  Group  2,  consisting  of 
Galesburg  and  Elmhurst,  use  public  water  supplies  of  1.9-1. 8  ppm.  fluoride  (F) 
content.  In  group  3  are  Joliet,  Maywood,  and  Aurora,  whose  water  supplies 
contain  fluoride  (F)  in  concentrations  of  1.3-1. 2  ppm.  Group  4  is  made  up  of 
Pueblo  and  Elgin  with  0.6-0.5  ppm.  of  fluoride  (F)  in  their  drinking  waters. 
Quincy,  Evanston,  Oak  Park,  and  Waukegan  make  up  group  5;  the  water  sup- 

*  Age  of  child  was  determined  on  basis  of  age  at  last  birthday. 
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plies  of  these  cities  have  0,l-0.0  ppm.  of  fluoride  (F),  a  concentration  which  may 
be  considered  “fluoride-free.”  The  distribution  of  the  children  by  age  and  sex 
within  each  group  is  shown  according  to  the  total  number  of  erupted  permanent 
teeth. 


TABLE  I 

Summary  of  permanent  tooth  eruption  data,  third  molars  excluded,  of  selected  12-14  y*or  old 
white  school  children  of  19  communities  in  Illinois  and  Colorado 


NUVBEB  07  CHILOBE!!  EXAIOXED 


PABTlALtT 

CBUPTCD 


QTY 

M 

F 

Both 

1 

TEETH* 

(a) 

PEBICANENT 

TEETH 

(b) 

(a  +  b) 

(A)  Number 

Colorado  Springs,  Colo. 

1 

! 

(2.6)** . 

1S3 

221 

235  ! 

10425 

Galesburg,  Ill.  (1.9) . 

137 

136 

273  ! 

69S7 

162 

7149 

Elmhurst,  Ill.  (1.8) . 

89 

81 

4414 

4504 

Joliet,  Ill.  (1.3) . 

196 

251 

447 

11984 

132  i 

12116 

Maywood,  Ill.  (1.2) . 

92 

79 

171 

4462 

81  ! 

4St3 

.Aurora,  Ill.  (1.2) . 

346 

287 

633 

16559 

253  1 

16812 

Pueblo,  Colo.  (0.6) . 

314 

614 

16088 

259  i 

16347 

Elgin,  Ill.  (0.5) . 

199 

403 

10605 

170 

Quincy,  Ill.  (0.1) . 

142 

188 

8725 

146 

8871 

Evanston,  Ill.  (0.0) . 

111 

145 

256 

6683 

122 

Oak  Park,  Ill.  (0.0) . 

138 

171 

329 

8634 

159 

8793 

Waukegan,  Ill.  (0.0) . 

190 

233 

423 

11083 

214 

11299 

(B)  Number  per  Child 

Colorado  Springs,  Colo . 

25.22 

25.80 

Galesburg,  Ill . 

25.59 

0.59 

•26.19 

Elmhurst,  Ill . 

25.96 

0.53 

26.49 

Joliet,  Ill . 

26.81 

0.30 

27.11 

Mavwood,  Ill . 

26.09 

26.57 

.\urora.  Ill . 

26.16 

26.56 

Pueblo,  Colo . 

0.42 

26.62 

Elgin,  Ill . 

26.32 

26.74 

Quine V,  Ill . 

26.44 

0.44 

•26.88 

Evanston,  Ill . 

!  26.11 

26.58 

Oak  Park,  Ill . 

i  -26.24 

1  0.48 

•26.73 

Waukegan,  Ill . 

i  -26.21 

26.71 

•  Permanent  teeth  which  have  been  extracted  are  counted  aa  erupted. 

•*  Figure  in  parenthesis  allows  fluoride  (F)  content  of  public  water  supply  in  parts  per 
million. 


Table  V  is  used  as  the  basis  of  a  comparison  of  the  group  of  0.0-0. 1  ppm.(F) 
communities  (No.  5)  with  each  of  the  other  groups  (Nos.  1,  2,  3,  and  4).  The 
comparisons  are  made  by  single  age  for  both  sexes.  The  chi-square  (X*)  values 
are  computed  for  each  of  the  comparisons  made,  permitting  the  determination 


TABLE  II 
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Fluoride  (F)  content  of  public  water  supply  in  parts  per  million. 


TABLE  III 

Diatribution  of  tSOS  white  school  girls,  age  lt-14  years,  according  to  number  of  erupted  permanent  teeth.  Children  grouped  on  basis  of  fluoride  {h  ) 

content  of  their  public  water  supply 
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TABLE  IV 


Distribution  of  44SS  white  school  children,  age  12-14  years,  according  to  number  of  erupted 

permanent  teeth 


NtnCBEK  OF 
EFUPTED 

I 

2.6  PPM.  F 

II 

1.8-1 .9  PPM.  F 

III 

1.2-1.3  PPM.  F 

IV 

0.5-0.6  PPM.  F 

V 

O.O-O.l  PPM.  F 

FEKMANENT 

TEETH 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

28 

83 

113 

101 

120 

342 

273 

302 

316 

398 

27 

16 

27 

22 

18 

74 

63 

49 

59 

62 

121 

26 

16 

25 

22 

18 

44 

37 

55 

40 

60 

62 

25 

9 

8 

13 

9 

31 

28 

18 

25 

30 

43 

24 

14 

10 

21 

23 

35 

20 

28 

18 

40 

36 

23 

3 

8 

6 

9 

19 

9 

17 

14 

14 

17 

22 

1 

9 

4 

17 

13 

11 

19 

18 

21 

21 

8 

6 

2 

10 

8 

14 

9 

15 

14 

20 

3 

4 

10 

12 

3 

6 

19 

5 

3 

11 

12 

3 

7 

18 

1 

1 

3 

10 

1 

9 

5 

7 

17 

6 

4 

2 

6 

5 

4 

2 

16 

1 

6 

7 

3 

2 

2 

15 

4 

2 

1 

5 

3 

3 

14 

2 

3 

1 

5 

5 

13 

2 

1 

4 

1 

1 

1 

3 

12 

8 

1 

4 

1 

3 

1 

11 

1 

10 

1 

1 

1 

Total .  .  . . 

183 

221 

226 

217 

634 

617 

513 

504 

594 

744 

Mean  no. 

of  erup¬ 
ted  teeth 
per  chile 

24.66 

25.69 

25.31 

26.18 

25.87 

26.91 

25.93 

26.58 

26.04 

26.42 

TABLE  V 

Comparison  of  5  groups  of  children,  age  12  to  14  years,  classified  on  basis  of  fluoride  content 
of  public  water  supply,  showing  chi-square  values  and  probability  of  results  occurring  by  chance 

I  VALUE  or  X* •*  AND  P  ACCOBDINC  TO  AGE  AND  SEX  07  CHIIOBEN* 


P 


0.8065 

0.7843 

0.0027 

0.0016 


•  For  purposes  of  calculating  X*  the  following  values  of  N‘  were  used:  12  Years  Males 
N‘  =  5,  females  N*  »=  4;  13  Years  Males  N*  =  4,  females  N'  =  3;  14  Years  Males  N*  “2, 
females  N*  =  2. 

•*  Group  1  =  2.6  ppm.  fluoride  (F);  group  2  =  1.8  —  1.9  ppm;  group  3  *=  1.2  —  1.3  ppm; 
group  4  =  0.5  —  0.6  ppm.;  group  5  =  0.0  —  0.1  ppm. 


GBOUrS 

COlCPABEij’* 


1  VS.  5 

2  vs.  5 

3  vs.  5 

4  vs.  5 


12  Years 


Males 


X* 


16.84 

4.07 

2.23 

5.02 


0.0021 

0.3977 

0.6950] 

0.2855 


Females 


X» 


13.26 

3.56 

1.65 

4.06 


0.0042 

0.3187 

0.6525 

10.2561 


13  Years 


Males 


X* 


7.81 

3.04 

3.94 

3.71 


0.0698 

!o.3864 

0.2693 

0.2992 


Females 


X« 


0.39 

2.95 

4.10 

2.57 


0.8485 

0.2304 

0.1300 

0.2854 


14  Years 


Males 


X» 


0.34 

3.50 

0.33 

3.21 


0.5598 

|0.0614 

0.5657 

0.07361 


Femi 


X« 


0.06 

3.14 

9.02 

9.95 
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of  P.  which  represents  the  probability  that  the  differences  observ^ed  are  likely  to 
be  due  to  chance. 


DISCUSSION 

When  the  children  of  Colorado  Springs,  or  group  1  (Table  V)  are  compared 
with  group  5,  composed  of  children  from  cities  using  fluoride  free  waters,  a  signif¬ 
icant  difference  is  disclosed  in  the  eruption  rates  of  the  permanent  teeth  for  the 
12  year  old  age  group  of  both  sexes  Thus,  children  12  years  of  age  in  the  higher 
fluoride  cities  show  an  appreciably  lower  eruption  rate  than  those  in  the  fluoride 
free  group.*  A  similar  condition  prevails  to  a  lesser  degree  in  the  13  year  old 
boys  but  the  14  year  olds,  both  sexes,  show  no  significant  difference. 

Group  2  consisting  of  the  next  highest  fluoride  (F)  cities  (1.8-1 .9)  ppm.  in 
this  series,  shows  no  significant  difference  from  group  5  in  eruption  rates,  although 
the  12  and  13  year  old  boys  of  group  2  are  slightly  behind  the  boys  of  the  same 
age  in  group  5.  The  next  2  groups  of  cities.  Nos.  3  and  4,  using  water  supplies 
with  fluoride  (F)  contents  of  1.2-1 .3  and  0.5-0.6  ppm.,  respectively,  show  no 
evidence  of  a  significant  delay  in  eruption  at  any  of  the  ages  examined;  in  fact, 
at  some  ages  in  each  group  there  is  a  tendency  toward  the  opposite  effect  of  a 
slightly  higher  eruption  rate. 

The  basic  purpose  in  analyzing  the  data  from  these  population  groups  was  to 
determine  whether  or  not  appreciable  difference  existed  in  the  time  of  eruption 
of  the  permanent  teeth.  If  for  instance,  significant  differences  were  found  to 
exist  between  those  characterized  by  low  dental  caries  prevailence  in  contrast 
to  those  having  a  high  dental  caries  experience,  the  influence  of  this  time  variable 
respecting  risk  of  exposure  to  dental  caries  attack  would  necessitate  careful  ap¬ 
praisal.  But,  as  has  been  shown  above  (Tables  II,  III,  and  IV),  the  marked 
differences  in  dental  caries  experience  (8)  between  populations  using  fluoride- 
free  domestic  waters  and  those  using  waters  containing  as  much  as  1.2-1 .3  parts 
per  million  of  fluoride  (F)  cannot  be  explained  on  the  basis  of  differences  in  the 
time  of  eruption. 

The  disclosure  of  a  significant  difference  in  the  eruption  rate  recorded  for  the 
Colorado  Springs  population  (2.6  ppm.  of  F  in  the  public  water  supply)  seem¬ 
ingly  warrants  further  comment  in  the  light  of  its  possible  relation  to  other 
closely  related  physiological  fields.*  Acceleration  or  retardation  of  permanent 

*  It  should  be  pointed  out  that  in  group  I,  the  distribution  of  12  yr.  old  children  accord¬ 
ing  to  the  number  of  erupted  permanent  teeth  shows  an  unusually  large  number  with  12 
erupted  teeth.  When  all  children  with  12  or  less  erupted  teeth  are  eliminated  from  both 
groups,  a  comparison  of  the  12  year  olds  of  group  I  with  those  in  group  V  shows  a  significant 
difference  for  the  boys  (P  =  0.0445)  but  not  for  the  girls  (P  =  0.2050). 

*  The  unusual  effects  of  trace  elements  on  physiological  processes  has  opened  a  vast  field 
for  scientific  investigation.  Moulton  (11)  referring  to  dental  fluorosis  has  recently  stated 
that  “It  is  a  new  and  quite  different  illustration  of  the  fact  that  very  minute  quantities  of 
certain  elements  and  of  certain  organic  compounds  (vitamins  and  hormones)  sometime  have 
extraordinary  effects  upon  living  organisms.”  More  recently  Shils  and  McCollum  (12) 
state  that  like  vitamins,  the  indispensable  “traces”  appear  to  be  keys  to  fundamental 
physiologic  processes  little  understood  and  a  challenge  to  nutritionists  and  physiologists. 
The  investigation  of  the  physiological  effects  of  one  trace  element,  fluoride,  by  the  epide- 
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tooth  eruption  is  a  matter  of  interest  to  both  anthropoligists  and  those  concerned 
\\dth  growth  and  development.  Racial  differences  in  eruption  time  have  been 
reported  by  Steggerda  and  Hill  (10),  who  state  that  in  the  4  racial  groups  studied, 
the  early  eruption  time  of  teeth  to  be  in  the  following  order:  Navajo,  Negro, 
Maya,  and  WTiite.  In  the  data  reported  in  the  present  paper  the  genetic  con¬ 
stitution  and  environmental  conditions  (fluoride  intake  excluded)  would  seem 
largely  comparable  in  the  12  white  school  populations  studied  in  Illinois  and  Col¬ 
orado.  The  only  variable  recognizable  at  present  which  may  account  for  the 
significant  difference  noted  at  Colorado  Springs  would  seem  the  higher  fluoride 
intake.  The  suggestion  that  one  growth  index  (rate  of  permanent  tooth  eruption) 
might  be  influenced  by  a  minute  fluoride  intake  raises  the  question  of  the  possible 
influence  of  this  variable  in  studies,  other  than  dental,  in  closely  coordinative 
physiological  fields. 

Although  it  is  possible  that  the  difference  in  eruption  between  the  high  fluoride 
and  fluoride-free  cities  may  be  due  to  the  low^er  dental  caries  experience  rates  in 
the  high  fluoride  areas  resulting  in  a  longer  retention  of  the  deciduous  teeth, 
this  seems  improbable,  as  the  dental  caries  prevalence  rates  in  these  high  fluoride 
areas  are  comparable  to  those  found  in  the  more  moderate  fluoride  areas  which 
show  no  low^er  eruption  rates  than  the  fluoride-free  cities. 

SUMMARY 

1.  Public  water  supplies  containing  fluorides  in  concentrations  of  2.6  parts 
per  million  appear  to  be  associated  with  delayed  permanent  tooth  eruption  in 
children  12  years  of  age  who  have  been  continuously  exposed  to  the  water  supply. 
Significant  differences  were  not  observed  in  those  populations  using  waters  con¬ 
taining  less  than  2.0  parts  per  million  of  fluoride  (F). 

2.  The  marked  difference  in  dental  caries  prevalence  between  populations  using 
fluoride-free  domestic  waters  and  those  using  as  much  as  1.2-1 .3  parts  per  million 
of  fluorides  (F)  cannot  be  explained  on  the  basis  of  differences  in  time  of  perma¬ 
nent  tooth  eruption. 
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application  of  quantitative  epidemiological  methods  may  be  the  means  of  bringing  to  light 
physiological  secrets  latent  in  large  population  groups. 
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INTRA-ORAL  HYDROGEN-ION  CONCENTRATIONS  ASSOCIATED 
WITH  DENTAL  CARIES  ACTIVITY^ 


ROBERT  M.  STEPHAN,  M.8.,  D.D.S. 

From  the  Waller  G.  Zoller  Memorial  Dental  Clinic,  The  University  of  Chicago,  Chicago,  III. 

The  chemico-parasitic  theory  of  the  etiology  of  dental  caries  which  was  ad¬ 
vanced  by  W,  D.  Miller  in  1890  (1)  postulates  that  the  decalcification  of  tooth 
substance  is  caused  by  acids,  and  that  these  acids  are  produced  from  carbohydrate 
foods  by  bacteria  growing  in  the  mouth.  This  theory  is  more  or  less  generally 
accepted  today,  although  the  possibility  exists  that  agents  other  than  acids  may 
effect  decalcification  of  teeth  in  caries.* 

The  chief  criticism  of  the  chemico-parasitic  theory  has  been  that  it  fails  to 
explain  the  facts  known  about  “susceptibility”  and  “immunity”  to  caries.  For 
example,  it  has  been  pointed  out  that  acid  producing  bacteria  grow  on  the  teeth 
of  individuals  who  are  free  of  caries  as  well  as  those  who  have  caries  (9).  A  com¬ 
mon  objection  to  the  theoiy  has  beer,  that  the  ingestion  of  carbohydrates  in  the 
diet  does  not  necessarily  lead  to  the  development  of  caries.  Nevertheless,  these 
objections  would  be  invalidated  if  it  could  be  shown  that  the  bacteria  and  carbo¬ 
hydrates  produce  a  significantly  greater  acidity  on  the  teeth  of  “caries-suscepti¬ 
ble”  individuals  than  on  the  teeth  of  “caries-immune”  people. 

Until  recently  very  little  was  known  about  the  hydrogen-ion  concentrations 
which  develop  on  the  teeth.  The  only  direct  evidence  which  Miller  (1)  was  able 
to  offer  in  order  to  show  that  acidity  occurs  in  caries,  was  the  demonstration 
that  blue  litmus  paper  generally  turns  red  when  pressed  against  carious  dentin. 
Later,  when  methods  were  developed  for  the  determination  of  acidity  in  terms  of 
hydrogen-ion  concentrations,  there  were  many  attempts  to  find  a  pH  in  the  saliva 
which  would  explain  caries.  None  have  been  successful.  Most  investigators 
have  foimd  the  pH  of  saliva  to  be  from  6.0  to  7.4  (10)  although  values  as  low  as 
5.3  have  been  reported  (11).  Hanke  (12)  in  1931  attempted  to  correlate  the 
local  acidity  of  different  areas  of  the  mouth  with  caries,  but  found  no  pH  value 
below  5.4.  Since  evidence  has  accumulated  that  decalcification  of  teeth  prob- 

*  The  expenses  of  this  investigation  were  defrayed  in  part  by  a  grant  from  the  Squibb 
Institute  for  Medical  Research.  Received  for  publication  May  11,  1944. 

*  Examples  of  other  possible  mechanisms  for  decalcification  are  removal  of  phosphate 
ions  by  phosphorylation  (2)  and  removal  of  calcium  ions  by  complex  ion  formation  with 
polycarboxylic  acids  (3,  4).  Individual  differences  in  calcium  and  phosphate  concentra¬ 
tions  of  oral  fluids  would  exert  some  effect  on  enamel  solubility.  Differences  may  exist 
in  the  solubility  of  enamel  in  different  teeth  (6).  This  may  lie  influenced  by  the  fluorine 
content  of  the  enamel  (6,  7).  Alsu  the  enamel  in  a  single  tooth  may  not  be  uniform,  as 
shown  by  differences  in  the  surface  and  deeper  portions  of  enamel  (5, 8).  In  this  regard  it  is 
well  to  remember  that  experiments  done  on  powdered  enamel  do  not  necessarily  give  a  true 
picture  of  conditions  for  solubility  of  the  empiel  surface  of  intact  teeth. 
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ably  occurs  only  at  a  pH  of  about  5.0  or  below  under  mouth  conditions*  it  is 
clear  that  none  of  these  studies  could  explain  on  the  basis  of  pH  the  decalcifica¬ 
tion  which  occurs  in  caries. 

Etherington  and  Trimble  (16)  in  1934  reported  pH  readings  of  plaques  as  low 
as  4.6  by  a  macro-colorimetric  test  which  apparently  involved  an  excessive  dilu¬ 
tion  factor,  but  the  details  of  this  method  were  not  published.  They  found  no 
differences  between  caries-active  and  caries-inactive  individuals. 

In  1938  Stephan  (17)  reported  a  study  of  the  hydrogen-ion  concentration  of 
carious  material  and  plaques,  in  which  a  suitable  micro-colorimetric  method  for 
determination  of  pH  was  employed.  He  found  pH  values  as  low  as  4.2.  The 
average  pH  of  carious  material  was  .7  pH  unit  low'er  than  that  of  plaques  from 
intact  tooth  surfaces.  In  one  mouth  pH  values  of  5.0  and  below  were  observed 
on  an  intact  tooth  surface  which  became  carious  during  the  period  of  study, 
whereas  in  the  same  mouth  no  pH  of  5.0  or  below  was  found  on  the  tooth  surfaces 
which  remained  intact  throughout  the  period  of  study.  It  was  also  reported 
that  the  acidity  of  plaques  was  increased  by  the  eating  of  candies  and  cookies.* 
In  a  later  report  (18, 19)  in  which  the  antimony  electrode  was  employed  for  direct 
pH  measurements  in  the  mouth,  it  was  shown  that  the  ingestion  of  glucose, 
fructose,  sucrose,  maltose,  or  cooked  starch  produces  a  rapid  fall  in  the  pH  of 
plaques  and  carious  lesions,  and  that  lactose  produces  a  relatively  small  drop  in 
pH.  Fosdick,  Campaigne,  and  Fancher  (20)  and  Fosdick  and  Burrill  (21), 
questioning  the  accuracy  of  the  antimony  electrode  under  the  conditions  of  the 
mouth,  “duplicated”  these  experiments  by  removing  material  from  the  teeth 
and  testing  for  pH  with  a  micro-glass  electrode.  They  obtained  similar  results. 
However,  they  failed  to  find  any  drop  in  the  pH  of  material  removed  from  the 
teeth  of  “caries-immune”  individuals  after  the  ingestion  of  carbohydrates. 
Since  acid-forming  bacteria  grow  in  the  mouths  of  “caries-immune”  individuals 
as  well  as  in  the  mouths  of  “caries-susceptibles”  (9),  it  seems  important  to  estab¬ 
lish  the  extent  to  which  the  pH  on  the  teeth  of  these  individuals  may  differ. 
The  following  study  was  made  in  order  to  determine  the  relationship  existing 
between  intra-oral  hydrogen-ion  concentrations  and  dental  caries  activity. 

METHODS 

Determination  of  Caries  Activity.  The  caries  activity  of  the  individuals  studied 
in  this  report  was  determined  by  a  comparison  of  clinical  and  roentgenological 
examinations  made  over  a  period  of  from  1  to  2  years.  The  subjects  were  divided 

*  Holt,  LaMer,  and  Chown  (13)  showed  that  when  .01  M  phosphoric  acid  is  titrated  with 
a  saturated  solution  of  calcium  hydroxide,  the  pH  remains  at  about  5.0  during  neutraliza¬ 
tion  of  the  second  and  third  hydrogen  ions  from  the  phosphoric  acid  molecule.  This  is  due 
to  the  precipitation  of  hydroxyapatite  at  this  pH  level.  Enright,  Friesell,  and  Trescher 
(14)  showed  that  intact  enamel  was  not  dissolved  above  a  pH  of  5.0  in  buffer  solutions  which 
had  been  previously  saturated  with  calcium  phosphate  and  then  acidified  to  their  original 
pH.  Bibby,  Volker,  and  Van  Kesteren  (15)  found  that  the  pH  of  cultures  of  oral  bacteria 
did  not  fall  below  5.0  in  the  presence  of  powdered  enamel,  and  concluded  that  the  enamel 
was  dissolved  at  this  pH. 

*  Paper  read  to  The  Odontographic  Society  of  Chicago,  April  11, 1938. 
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into  5  groups  on  the  basis  of  the  occurrence  of  new  carious  lesions,  the  increase 
in  size  of  lesions  which  were  present  at  the  start  of  the  study,  and  evidence  of 
previous  caries  activity.  Group  I  consisted  of  5  individuals  who  were  free  from 
caries  and  had  no  e\Tdence  of  any  previous  caries  activity.  Group  II  consisted 
of  11  indi\'iduals  who  had  e\ndence  of  caries  which  occurred  previous  to  the  start 
of  the  study  but  who  showed  no  new  lesions,  and  no  progress  in  old  ones  during  the 
period  of  study.  Group  III  consisted  of  26  individuals  who  showed  evidence  of 
a  slight  but  definite  increase  in  the  size  of  1  or  more  carious  lesions  present  at  the 
start  of  the  study  period,  and/or  possibly  the  appearance  of  some  very  small  new 
lesions,  but  in  none  of  these  cases  was  the  progress  of  caries  rapid.  Group  IV 
consisted  of  15  individuals  who  showed  a  very  definite  progress  in  caries,  with 
relatively  rapid  increases  in  the  size  of  lesions  present  at  the  start  of  the  study 
and  the  development  of  new  carious  lesions.  Group  V  consisted  of  8  individuals 
with  extremely  active  caries.  These  individuals  showed  extensive  carious  lesions 
on  most  of  the  teeth,  and  progress  of  caries  was  very  rapid  in  them.  All  but  1 
had  active  caries  on  the  labial  surfaces  of  the  anterior  teeth,  whereas  only  2 
individuals  in  group  IV  and  none  in  the  other  groups  had  this  type  of  caries. 
This  division  of  the  65  individuals  is  somewhat  arbitrary,  but  it  is  felt  that  in 
no  case  would  the  individual  be  misplaced  more  than  1  position  from  this  correct 
relative  caries-activity  grouping. 

Preparation  for  pH  tests.  The  subjects  were  instructed  not  to  brush  their 
teeth  for  from  3  to  4  days  before  the  pH  determinations  were  to  be  made.  This 
was  for  the  purpose  of  securing  a  representative  oral  bacterial  flora  on  the  ac¬ 
cessible  tooth  surfaces.  They  were  requested  not  to  eat  sweets  on  the  days  of  the 
tests,  and  the  tests  were  run  1  or  more  hours  after  mealtime. 

Procedure  for  pH  tests.  The  subjects  were  seated  in  a  semi-reclining  position 
in  a  chair  equipped  with  a  headrest.  They  were  instructed  not  to  talk  during 
the  test.  The  labial  surfaces  of  the  upper  and  lower  anterior  teeth  were  generally 
chosen  for  the  tests  because  of  their  accessibility.  In  some  of  the  caries-active 
individuals,  particularly  those  in  Group  V,  the  enamel  was  etched  or  cavities 
existed  under  the  plaques  on  these  tooth  surfaces.  Direct  pH  determinations 
were  made  on  the  tooth  surfaces  with  a  polished-stick  antimony  electrode  using 
a  vacuum  tube  potentiometer  (Leeds  Northrup  Model  7662)  according  to  a 
method  previously  described  (18,  22).  Measurements  were  also  made  of  the 
pH  on  the  gingival  tissue,  the  cheeks  near  the  parotid  ducts,  the  floor  of  the 
mouth  near  the  submaxillary  ducts,  and  the  dorsum  of  the  tongue.  The  mouth 
was  rinsed  with  25  cc.  of  a  10%  aqueous  solution  of  glucose  for  2  minutes  following 
these  initial  pH  determinations.  The  pH  determinations  were  repeated  2 
minutes  after  the  glucose  rinse  and  at  10  minute  intervals  thereafter  until  the 
pH  had  returned  to  approximately  its  original  value. 

RESULTS 

Before  the  application  of  glucose,  the  pH  values  of  most  areas  were  around 
neutrality  except  in  the  cases  of  extreme  caries  activity,  in  which  pH  values  were 
generally  considerably  lovrer.  In  all  cases  there  was  a  sharp  drop  in  the  pH  of 
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bacterial  material  on  teeth  following  rinsing  the  mouth  with  the  glucose  solution. 
This  drop  in  pH  was  greatest  and  lasted  for  the  longest  time  in  the  caries-active 
cases. 

Fig.  1  shows  the  pH  changes  produced  on  the  labial  surfaces  of  the  upper  teeth 
for  each  caries-activity  group.  Fig.  2  show's  similar  changes  for  the  labial  sur¬ 
faces  of  the  lower  teeth.  These  graphs  show  that  there  are  striking  differences 
between  the  different  caries-activity  groups.  However,  there  was  no  essential 
difference  between  those  who  w'ere  completely  caries-free  (Group  I)  and  those 


MINUTES  AFTER  GLUCOSE  RINSE 

Fig.  1.  pH  Curves  of  plaques  on  labial  surfaces  of  upper  anterior  teeth  in  different  caries 
activity  groups.  Groups:  I  =  caries-free;  II  =  previous  caries  but  caries-inactive  during 
period  of  study;  III  =  slight  caries-activity;  IV  =  marked  caries-activity;  V  =  extreme 
caries-activity. 

who  had  had  previous  caries  but  were  caries-inactive  during  the  period  of  study 
(Group  II) .  It  is  interesting  to  note  that  the  pH  drop  in  the  lower  teeth  was  less 
than  on  the  upper  teeth,  and  that  this  difference  between  the  lower  and  upper 
teeth  was  smallest  in  the  extremely  caries-active  cases. 

Table  I  lists  comparative  pH  values  for  the  individuals  in  each  of  the  caries- 
activity  groups.  The  figures  listed  under  range  cover  the  variations  of  individual 
cases  within  each  group  and  the  figures  listed  under  average  sununarize  each 
group.  The  pH  values  for  the  saliva  (measured  on  the  floor  of  the  mouth)  show 
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a  trend  toward  acidity  in  the  caries  active  groups,  although  there  is  an  overlap¬ 
ping  of  individual  cases  in  all  groups.  In  no  case  could  acidity  of  this  saliva 
itself  account  for  decalcification  of  teeth.  The  pH  values  on  tooth  surfaces  be¬ 
fore  application  of  glucose  (initial  pH)  show  an  increase  in  acidity  with  increased 
caries  activity.  The  range  (pH  6.4  to  8.3)  of  the  caries-inactive  cases  (Groups 
I  and  II)  is  completely  above  the  range  (pH  5.1  to  6.3)  of  the  extremely  caries- 


Fig.  S.  pH  curves  of  plaques  on  labial  surfaces  of  lower  anterior  teeth  in  different  caries 
activity  groups.  Groups:  I  =  caries-free;  II  =“  previous  caries  but  caries-inactive  during 
period  of  study;  III  slight  caries-activity;  IV  =  marked  caries-activity;  V  —  extreme 
caries-activity. 

active  cases  (Group  V).  However,  in  none  of  these  cases  was  a  pH  of  5.0  or 
below  found  on  accessible  tooth  surfaces  before  the  application  of  carbohydrate. 

Probably  the  most  interesting  contrast  foimd  between  the  different  caries- 
activity  groups  is  in  the  comparison  of  the  lowest  pH  values  which  occurred  in 
each  case  after  the  application  of  glucose.  Only  in  the  caries-active  cases  were 
pH  values  below  5.0  consistently  produced  by  the  glucose. 

Perhaps  the  most  significant  way  to  relate  the  pH  changes  to  the  caries-activity 
of  the  different  groups  is  to  classify  the  values  according  to  a  “hypothetical 
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TABLE  I 


Differences  in  pH  values  for  different  caries-activity  groups 


CAKIES-ACnVITY  GEOtJP 

NUICBEB 

OF  CASES 

pH  OF  SALIVA 
(VEASUKED  ON  THE 
FLOOK  OF  THE  MOUTH) 

INITIAL  pH  OF 
PLAQUES  (BEFOSE 
GLUCOSE) 

LOWEST  pH  OF 
PLAQUES  (AFTES 
GLUCOSE) 

ave. 

range 

ave. 

ranue 

ave. 

range 

I  (caries-free) 

7.0 

6. 8-7. 4 

7.1 

5.5 

5. 2-5. 8* 

7.2 

6.1 

5. 6-6. 7* 

II  (caries-inactive) 

11 

7.0 

6. 2-7. 3 

7.0 

6. 6-7. 5* 

5.4 

7.4 

6. 8-8. 3^ 

1 

5.9 

5. 7-6. 4* 

III  (slight  caries- 

26 

6.7 

6. 0-7.0 

6.8 

6. 2-7. 7* 

4.9 

4. 6-5. 2* 

activity) 

7.2 

6. 6-7. 6* 

5.4 

4. 7-6.5* 

IV  (marked  caries- 

15 

6.5 

5.8-7. 1 

6.2 

4.6 

4. 3-4.8* 

activity) 

6.7 

6. 2-7. 4* 

5.0 

4. 5-6. 5* 

V  (extreme  caries- 

8 

6.4 

5. 9-7.0 

5.5 

5. 1-6.3* 

4.3 

4.0-4.7* 

activity) 

5.7 

5.5-6. 1* 

4.8 

4. 0-5.2* 

*  Labial  surfaces  of  the  upper  anterior  teeth. 

*  Labial  surfaces  of  the  lower  anterior  teeth. 


TABLE  II 


Frequency  of  Low  pH  Values  in  Plaques  After  Application  of  Glucose  for  Different  Caries- 

Activity  Groups 


CABIES  ACTIVITY  CBOUP 

NUMBER  OF  pH 
DETERMINATIONS 
COMPARED 

DETERMINATIONS  AT  OR  BELOW 

pH  5.0 

DETERMINATIONS  AT  OR  BELOW 

pH  5.5 

number 

percent 

number 

percent 

I  (caries-free) 

■M 

upper 

0 

0 

7 

7 

lower 

■hI 

0 

0 

0 

0 

II  (caries-inac- 

219* 

0 

0 

59 

27 

tive) 

93* 

0 

0 

0 

0 

III  (slight  caries- 

483* 

68 

14 

64 

activity) 

219* 

1 

0 

18 

IV  (marked  caries- 

288* 

168 

58 

97 

activity) 

201* 

35 

17 

HI 

41 

V  (extreme 

■91 

139 

83 

161 

96 

caries-activity) 

■■ 

45 

62 

64 

89 

*  Labial  surfaces  of  upper  anterior  teeth. 

*  Labial  surfaces  of  lower  anterior  teeth. 
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critical  decalcifying  pH  level”  above  which  calcium  salts  would  not  be  dissolved 
from  teeth  under  mouth  conditions  and  below  which  decalcification  would  take 
place.  While  such  a  pH  level  has  not  been  established  exactly,  and  might  vary  in 
different  invididuals,  there  is  considerable  evidence  to  indicate  that  pH  5.0 
most  nearly  represents  this  value,  and  that  a  pH  of  about  5.5  probably  represents 
the  upper  limit  (see  footnote  3).  The  number  of  times  which  pH  values  as  low 
as  these  were  reached  in  the  first  30  minutes  following  application  of  glucose  in  a 
comparable  series  of  pH  determinations  for  each  caries  activity  group  are  listed 
in  Table  II.  This  table  shows  that  the  extent  of  the  caries  activity  is  directly 
related  to  occurrence  of  pH  values  below  such  a  critical  limit.  It  also  shows  that 
bacterial  material  on  the  labial  surfaces  of  the  upper  teeth  in  general  developed 
a  lower  pH  than  that  on  the  labial  surfaces  of  the  lower  anterior  teeth. 

The  pH  of  saliva  measured  on  the  floor  of  the  mouth  was  not  generally  changed 
by  the  glucose  rinse,  but  in  some  cases  there  were  minor  fluctuations.  The  pH 
of  the  cheeks  near  the  parotid  duct  opening  showed  considerable  variation  be¬ 
tween  the  pH  value  of  parotid  saliva  and  that  of  the  plaques  on  the  teeth  against 
which  the  cheek  rested.  Apparently  the  parotid  salivary  secretion  came  in 
spurts  which  produced  an  irregular  neutralization  on  the  cheek  mucosa  of  the 
acids  which  had  diffused  from  the  plaques  on  adjacent  teeth.  This  variation 
was  greatest  in  the  cases  with  active  caries. 

An  observation  of  interest  is  that  there  is  a  sharp  drop  in  the  pH  on  the  dorsum 
of  the  tongue  following  the  glucose  rinse.  This  pH  change  is  similar  to  that  on 
the  tooth  surfaces.  Apparently  there  are  sufficient  bacteria  on  the  dorsum  of 
the  tongue  to  produce  acid  rapidly. 

DISCUSSION 

The  results  of  this  study  indicate  that  there  is  a  quantitative  difference  in  the 
intensity  and  duration  of  the  acidity  produced  by  carbohydrates  on  the  teeth 
of  caries-free  and  caries-active  individuals.  This  difference  seems  to  be  capable 
of  explaining  on  a  chemical  solubility  basis,  the  fact  that  decalcification  of  teeth 
with  cavity  formation  does  not  occur  in  the  former  individuals  but  does  in  the 
latter.  Nevertheless,  the  findings  do  not  exclude  the  possible  importance  of 
factors  other  than  pH  which  might  produce  or  modify  the  decalcification  of  teeth 
in  caries  (see  footnote  2). 

Since  most  of  the  work  which  has  been  reported  on  acid  production  by  mouth 
bacteria  has  not  simulated  conditions  of  the  mouth,  it  is  worth  pointing  out  some 
essential  differences  between  such  studies  and  the  experiments  described  here. 
The  bacteria  growing  on  tooth  surfaces  exist  in  concentrated  masses  or  “plaques” 
which  possess  a  maximum  concentration  of  enzymes  and  coenzymes  in  a  minimum 
space  with  minimum  buffering  capacity.  The  acid  production  by  such  bacterial 
masses  is  very  rapid  when  carbohydrate  is  available  and,  since  little  initial 
buffering  capacity  must  be  overcome,  the  drop  in  pH  is  likewrise  very  rapid. 
On  the  other  hand,  in  experiments  in  which  saliva  is  mixed  with  carbohydrates 
or  culture  media  containing  carbohydrates  is  innoculated  with  mouth  micro¬ 
organisms  the  pH  drop  during  incubation  is  relatively  slow  because  the  cimcen- 
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tration  of  bacteria  is  small  and  the  total  buffer  capacity  great.  One  is  not  justi¬ 
fied  in  assuming  that  the  pH  produced  by  incubating  such  mixtures  for  a  longer 
time  will  be  the  same  as  the  pH  produced  in  a  shorter  time  in  the  mouth,  since 
dilution  does  not  effect  various  enzymatic  processes  uniformly  (4). 

The  question  arises  as  to  what  factors  are  responsible  for  the  pH  differences  in 
the  different  degrees  of  caries  activity.  There  are  many  factors  which  may  exert 
some  effect  to  either  increase  or  decrease  the  pH  on  tooth  surfaces.  Among  these 
are  (a)  the  buffering  capacity  of  saliva,  (b)  the  rate  of  flow  of  saliva,  (c)  the  quan¬ 
tity  of  bacterial  material  on  the  teeth,  (d)  the  type  of  bacteria  on  teeth  and  their 
ability  to  produce  acid,  (e)  the  ability  of  the  bacteria  to  consume  the  acid  pro¬ 
duced,  (f)  the  ability  of  the  bacteria  to  produce  alkaline  substances,  (g)  the 
quantity  of  fermentable  carbohydrate  in  the  diet,  and  (h)  the  retention  of  carbo¬ 
hydrates  in  the  mouth.  Some  of  these  factors  have  been  correlated  with  caries- 
activity  in  studies  which  are  w’ell  known.  The  relative  importance  of  these  and 
other  factors  is  not  very  clear  at  the  present  state  of  our  knowledge.  It  seems 
probable  that  a  combination  of  such  factors  must  govern  the  developments  of 
caries  in  any  given  case. 

What  have  the  experiments  described  in  this  paper  indicated  in  regard  to  the 
relative  influence  of  these  factors?  Three  things  appear  significant.  First, 
bacterial  plaques  which  are  capable  of  producing  acid  rapidly  grow  not  only 
on  the  teeth  of  individuals  who  have  active  caries,  but  also  on  the  teeth  of  those 
who  are  caries-free.  «flowever,  since  a  greater  hydrogen-ion  concentration  is 
generally  produced  in  the  plaques  of  caries-active  mouths,  it  seems  probable  that 
these  plaques  differ  in  some  way  from  the  plaques  in  caries-free  mouths.  Evi¬ 
dence  in  support  of  this  hypothesis  has  been  furnished  by  the  work  of  Blayney, 
Kesel  and  Wach  (23)  who  found  a  difference  between  the  morphology  of  bacteria 
in  plaques  from  caries-active  tooth  surfaces  and  the  morphology  of  bacteria  in 
plaques  from  caries-free  tooth  surfaces.  Also  the  studies  of  Bimting  and  Jay 
(24)  have  indicated  a  relation  of  oral  lactobacilli  to  caries. 

Second,  the  presence  of  carbohydrates  in  the  motUh  appears  to  be  essential  for 
^the  production  of  an  acidity  capable  of  decalcifying  teeth.  In  these  experiments, 
a  pH  below  5.1  was  found  only  after  the  application  of  glucose.  This  should 
not  be  interpreted  to  mean  that  enamel  wll  be  dissolved  appreciably  by  the 
momentary  existence  of  a  pH  of  5.0  or  below'  on  the  tooth  surface.  As  a  matter 
of  fact,  carious  lesions  have  not  formed  on  many  of  the  tooth  surfaces  which  de¬ 
veloped  pH  values  below  5.1  for  a  short  time  after  the  application  of  glucose. 
It  is  probable  that  a  significant  decalcification  of  tooth  substance  will  be  produced 
by  carbohydrates  only  when  they  are  frequently  applied  to  the  tooth  surface 
or  mechanically  retained  on  it  for  much  longer  than  a  few  minutes  time.* 

*  It  should  be  remembered  that  only  the  tooth  surfaces  and  cavities  which  were  readily 
accessible  to  the  electrode  have  been  studied  in  these  experiments.  Conditions  in  less 
accessible  tooth  surfaces  and  cavities  may  be  somewhat  different.  For  example,  in  a  pre¬ 
vious  study  (18)  several  interproximal  carious  lesions  which  had  extensive  caries  in  the  den¬ 
tin  but  only  a  small  opening  in  the  enamel  w'ere  opened  by  operative  means  with  a  rubber 
dam  in  place  to  keep  out  the  saliva.  The  carious  dentin  thus  made  accessible  to  the  elec- 
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Third,  the  accessibility  of  tooth  surfaces  to  a  flow  of  saliva  appears  to  be  an 
important  factor  from  these  studies.  The  labial  surfaces  of  the  upper  anterior 
teeth,  which  have  relatively  little  access  to  saliva  show  a  greater  drop  in  pH  than 
the  labial  surfaces  of  the  lower  teeth,  which  have  a  relatively  great  access  to  saliva. 
This  greater  pH  drop  in  upper  anterior  teeth  than  lowers  agrees  well  with  the 
greater  susceptibility  of  upper  anterior  teeth  to  caries  than  the  lower  anterior 
teeth.  (In  the  cases  studied,  there  were  over  3  times  as  many  carious  lesions  in 
the  upper  anterior  teeth  than  there  were  in  the  low'er  anterior  teeth.)  Thus,  not 
only  does  the  correlation  of  pH  with  caries  activity  hold  for  different  individuals, 
but  also  for  different  areas  of  the  mouth  in  the  same  individual. 

SUMMARY 

In  this  study  of  65  individuals,  it  w'as  found  that  there  was  an  increase  in  the 
acidity  of  bacterial  material  on  the  teeth  in  every  case  after  the  mouth  was 
rinsed  with  a  glucose  solution.  However,  the  extent  and  duration  of  this  increase 
in  acidity  (drop  in  pH)  varied  with  the  degree  of  caries-activity,  being  greatest 
in  cases  with  extensive  caries-activity.  An  acidity  below  pH  5.0  occurred  only 
in  cases  with  some  caries-activity,  and  the  occurrence  of  these  low  pH  values 
was  most  frequent  in  cases  of  greatest  caries-activity.  The  pH  drop  was  more 
marked  on  the  labial  surfaces  of  the  upper  teeth  than  on  the  labial  surfaces  of  the 
lower  teeth,  and  this  difference  corresponded  with  the  relative  susceptibility  to 
caries  of  these  tooth  surfaces.  The  significance  of  these  findings  to  the  etiology 
of  caries  is  discussed. 
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A  COLORIMETRIC  METHOD  FOR  THE  DETERMINATION  OF 
AMYLOLYSIS  OF  SALIVA^ 
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Research  Department,  School  of  Dentistry  University  of  Kansas  City,  Kansas  City,  Mo. 

The  activity  of  saliva  in  the  digestion  of  starch  has  been  investigated  by  many 
workers.  Day  (1)  used  the  principle  expounded  by  Wohlgemuth  (8)  for  stud5dng 
enzymatic  activity.  In  a  series  of  test  tubes  Day  placed  different  amounts  of 
saliva  and  added  5  ml.  of  1%  com  starch  solution  to  each  tube  which  was 
promptly  placed  in  ice  water  until  the  series  was  completed.  The  tubes  were 
incubated  at  38°C  for  20  minutes  and  returned  to  the  ice  water  to  inhibit  diges¬ 
tion.  Distilled  water  was  added  until  the  level  was  1  inch  from  the  top  of  the 
tube  and  1  drop  of  N/10  iodine  solution  was  added  to  each  tube  which  was  shaken 
at  that  time.  The  solutions  in  the  tubes  assumed  various  colors,  depending  upon 
the  completeness  of  the  digestion.  Amylolytic  activity  was  expressed  in  terms 
of  the  color  or  of  the  amount  of  digestion  of  1.0  ml.  of  such  a  solution  or  some  mul¬ 
tiple  which  was  a  whole  number,  under  the  conditions  of  time  and  temperatiu^ 
employed. 

Myers  and  Dellenbaugh  (6)  developed  an  involved  colorimetric  procedure  that 
gave  the  amylolytic  activity  of  saliva  in  terms  of  the  percentage  of  starch  con¬ 
verted  to  reducing  sugars.  Gore  (2)  used  a  method  developed  “along  lines  sug¬ 
gested  by  Mathews”  (3).  This  was  a  spot-plate  method.  The  amylolytic 
index  was  the  time  required,  in  minutes,  for  digestion  to  reach  the  end  point.  A 
yellow  color  was  considered  the  end  point. 

The  work  of  Myers  and  Adams  (5)  indicated  that  high  chloride  and  to  a  lesser 
extent  high  phosphate  content  of  the  saliva  increased  the  amylolytic  activity  of 
ptyalin.  This  group  and  also  Day  (1)  found  marked  variations  in  amylolytic 
activity  of  saliva  when  comparing  various  individuals.  Gore  (2)  tested  1  indi¬ 
vidual  and  found  marked  variations  in  amylolytic  activity  of  saliva  during  24 
hour  periods.  Meyer,  Golden,  Steiner  and  Necheles  (4)  found  that  the  pytalin 
activity  of  saliva  from  old  people  was  much  less  than  that  of  young  adults. 

The  present  problem  was  to  devise  a  new  method  for  the  determination  of 
amylolysis  by  saliva  and  to  collect  preliminary  data  on  the  variations  in  pytalin 
activity  between  different  individuals  and  at  various  periods  of  the  day. 

MATERIALS  AND  METHODS 

The  method  in  this  paper  was  based  upon  the  use  of  a  Klett-Summerson  photo¬ 
electric  colorimeter.  The  data  were  expressed  in  mg.  of  starch  digested  in  1 
minute  by  0.1  ml.  of  fresh,  unstimulated  saliva  at  room  temperature. 

Merck’s  soluble,  reagent  starch  was  placed  in  a  calcium  chloride  dehydrator 

*  Received  for  publication  May  11,  1944. 
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in  a  partial  vacuum.  After  allowing  several  days  for  the  water  content  to  reach 
an  equilibrium,  the  starch  was  carefully  weighed  on  an  analytical  balance  and 
added  to  distilled  water.  Approximately  0.175  gm.  of  starch  was  added  to  about 
50  ml.  of  water.  This  was  brought  to  92°C  in  a  water  bath  at  which  time  the 
solution  was  clear  and  without  lumps.  The  starch  solution  was  diluted  in  a 
liter  volumetric  flask  at  room  temperature  so  that  40  ml.  of  the  solution  con¬ 
tained  3.5  mg.  of  starch. 

Exactly  0.05  N  iodine  solution  was  prepared  and  standardized  according  to  the 
method  described  on  page  752  of  the  United  States  Pharmacopoeia,  12th  Revision 
(7).  The  iodine  is  added  to  the  starch  after  digestion  by  the  enzyme  to  de¬ 
velop  a  blue  color  the  intensity  of  which  was  measured. 

The  colorimeter  was  equipped  with  a  KS-54  filter.  The  instniment  was 
switched  on  5  minutes  before  using  to  permit  it  to  reach  a  heat  equilibrium.  A 
fresh  batch  of  starch  solution  was  made  up  daily  and  standard  readings  were 
made  before  and  after  each  group  of  tests.  The  amount  of  starch  in  the  solution 
cell  was  arbitrarily  decided  by  experimentally  determining  the  concentration 
required  to  obtain  readuigs  of  the  standard  near  the  upper  limit  of  the  most 
sensitive  range  of  the  colorimeter  scale. 

When  the  concentration  of  the  standard  (3.5  mg.  of  starch  in  the  solution 
cell)  was  divided  by  the  reading  of  the  standard  on  the  colorimeter  scale,  a  factor 
was  obtained.  This  factor  multiplied  by  the  scale  reading  of  the  solution  being 
tested  gave  the  amount  of  undigested  starch  remaining  in  the  cell.  This  re¬ 
maining  starch  was  subtracted  from  3.5  mg.  (the  original  amount  of  starch  in 
the  cell)  to  give  the  quantity  of  starch  digested  during  the  test  period.  The 
average  of  9  readings  of  the  standard  for  each  batch  of  starch  was  taken  as  the 
figure  from  which  the  factor  was  calculated.  Each  batch  of  starch  was  taken  as 
a  separate  unit  during  the  collection  of  data. 

After  the  standards  were  determined  the  actual  test  followed.  Forty  ml.  of 
starch  solution  containing  3.5  mg.  of  starch  were  measured  from  a  burette  into 
a  clean  dry  cell  20  mm.  in  depth  which  was  placed  in  the  colorimeter.  To  this 
was  added  0.1  ml.  of  unstimulated  saliva  fresh  from  the  mouth  of  the  individual 
donor.  The  mixture  was  given  10  rotatory  stirs  and  the  colorimeter  adjusted  to 
zero  to  eliminate  the  turbidity  factor.  Exactly  1  minute  after  the  introduction 
of  the  saliva  0.025  ml.  of  0.05  N  iodine  solution  was  added  and  again  the  cell 
contents  were  given  10  rotatory  stirs.  The  reading  was  taken  immediately 
(about  10-15  seconds)  after  adding  the  iodine.  The  addition  of  the  iodine  almost 
stopped  digestion. 

OUTLINE  OF  PROCEDURE 

1.  Switch  colorimeter  on  5  minutes  before  using. 

2.  Fill  cell  with  40  ml.  of  starch  solution  containing  3.5  mg.  of  starch. 

3.  Place  cell  in  colorimeter  so  that  light  passes  through  20  mm.  of  solution. 

4.  Add  0.1  ml.  of  fresh,  unstimulated  saliva. 

5.  Begin  1  minute  interval  of  digestion. 

6.  Mix  with  10  rotations  of  stirring  rod  during  digestion. 

7.  Adjust  colorimeter  scale  to  zero  during  digestion. 
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8.  At  end  of  1  minute  add  0.025  ml.  of  iodine  (0.05  N). 

9.  Mix  with  10  rotations  of  stirring  rod. 

10.  Read  colorimeter  and  record  reading. 

TABLE  I 


Analysis  of  variance  of  amylolysis  of  the  saliva  of  6  individuals  expressed  in  mg.  of  starch 

digested  in  1  minute 


s. 

C. 

P. 

M. 

E. 

R. 

GROUP 

No.  readings . 

Mean  amylolysis . 

25 

3.30 

24 

2.72 

25 

2.34 

24 

1.90 

25 

2.75 

25 

3.26 

148 

2.72 

SOURCS  OF  VARIATIONS 

DEGREES  OF 
FREEDOM 

SUM  OF  SQUARES 

MEAN  LQUARES 

Total . 

147 

5 

142 

69.5212 

35.3751 

34.1461 

7.075020 

0.240465 

Between  subjects . 

Between  readings  of  each  subject . 

F  =  7.075020/0.240465  =  29.43 . .  8igni6cant 

1%  Significance  =  3.14 


Fig.  1.  Individual  variation  in  the  amylolysis  of  saliva  expressed  in  mg.  of  starch  di* 
gested  in  1  minute. 

DATA 

Samples  of  unstimulated  fresh  saliva  were  collected  from  6  persons  between  the 
ages  of  34  and  48  years  of  age.  The  samples  were  taken  at  9  and  11  a.m.  and  1, 
3  and  5  p.m.  each  day  for  5  successive  days.  Although  only  150  samples  of  saliva 
were  used  in  the  statistical  analysis,  about  450  samples  were  used  in  working  out 
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the  technic.  The  amounts  of  starch  digested  under  the  conditions  of  the  experi¬ 
ment  ranged  from  0.38  to  3.34  mg.  of  the  total  of  3.5  mg.  in  the  cell. 

Referring  to  Table  I,  individuals  S  and  R  contributed  saliva  that  digested 
almost  all  of  the  starch  in  the  cell.  E,  C  and  P  constituted  a  middle  group  and 
M’s  saliva  digested  an  average  of  about  half  the  starch  in  the  cell.  The  analysis 
of  variance  between  the  salivas  of  various  individuals  (Table  I)  indicated  that 
individual  variations  in  the  amylolytic  activity  of  the  various  salivas  were  signif¬ 
icant.  Fig.  1  illustrates  graphically  the  individual  variations  of  the  group. 
The  figures  on  the  left  side  of  the  graph  are  mg.  of  starch  digested. 

Table  II  is  an  analysis  of  the  bi-hourly  variations  in  amounts  of  starch  digested. 
These  data  are  not  significant. 


TABLE  II 


Bi-hourly  variations  in  the  amylolysis  of  saliva 


9  A.  11. 

U  A.  M. 

1  P.  M. 

3  P.  M. 

5  P.  M. 

TOTAL 

No.  readings . 

29 

— 

30 

30 

29 

148 

Mean  amylolysis . 

2.76 

2.71 

2.84 

2.57 

2.72 

SOURCE  OF  VARIATIONS 

DEGREES  OF 
FREEDOM 

SUM  OF  SQUARES 

MEAN  SQUARES 

Total . 

mmmm 

69.5212 

Between  bi-hourly  periods . 

1.2064 

0.301600 

■■ 

68.3148 

0.477726 

F  =  0.477726/0.301600  =  1.58 .  not  signi&cant 

1%  Significance  =  13.57 


DISCUSSION 

The  refinements  in  measuring  amylolytic  activity  of  saliva  by  the  method 
presented  herein  are  more  valuable  than  the  data  obtained  regarding  the  saliva 
of  the  indivuals  studied.  This  method  permitted  the  determination  of  ptyalin 
activity  in  terms  of  mg.  of  starch  digested. 

Other  methods  measure  the  end  point  of  digestion  in  time,  in  the  percentage 
of  starch  digested  and  in  the  various  stages  to  which  digestion  has  proceeded  in  a 
given  time  interval.  None  was  based  upon  a  technic  that  could  check  the  stand¬ 
ard  or  give  a  result  in  an  absolute  figure.  It  was  laborious  to  spot-plate  the 
sample  repeatedly,  as  one  method  demands.  End  point  determinations  with  the 
present  colorimetric  technic  would  be  equally  tedious.  The  use  of  ice  baths  and 
constant  temperature  baths  and  a  number  of  tubes  for  each  test  made  one  method 
very  cumbersome.  Other  methods  utilized  color  which  was  determined  visually 
and  with  doubtful  accuracy.  In  contrast  the  technic  presented  herein  avoided 
visual  determinations,  was  fairly  simple,  used  only  2  standardized  solutions  and 
gave  a  result  in  mg.  of  starch  digested  per  unit  time. 

The  sensitivity  of  the  colorimeter  disclosed  considerable  discrepancies  in  read¬ 
ings  of  the  standard  both  within  a  single  batch  and  even  more  within  successive 
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preparations  of  starch  solution.  Five  separate  preparations  of  starch  solution 
each  tested  9  times  during  the  period  between  9  a.m.  and  5  p.m.  gave  average 
standard  readings  on  the  colorimeter  scale  as  follows:  345,  359,  366,  418,  421. 
The  average  for  the  entire  45  taken  together  was  380.  Assuming  that  this  ap¬ 
proached  the  correct  reading  for  3.5  mg.  of  starch  in  40  ml.  of  fluid  with  the 
light  passing  through  a  depth  of  20  mm.,  the  above  reading  of  345  would  indicate 
that  the  cell  contained  3.18  mg.  while  the  cell  reading  421  would  contain  3.88 
rag.  of  starch.  That  would  be  a  difference  of  0.7  mg.  which  is  20%  of  the 
total  of  3.5  mg.  of  starch.  The  percentage  of  error  is  large,  although  the 
absolute  error  is  quite  small.  However,  it  must  be  noted  that  previous  methods 
of  determining  ptyalin  activity  did  not  attempt  to  ascertain  variations  in  the 
standard  starch  solution. 

There  w’as  no  noticeable  trends  in  the  differences  of  the  standard  readings. 
This  was  true  both  within  1  solution  as  well  as  when  comparing  the  readings  of  2 
different  solutions  of  the  same  calculated  strength.  However,  the  variations 
within  one  batch  of  starch  were  not  as  great  as  the  variations  among  successive 
batches.  Within  1  batch  the  variations  must  have  arisen  from  the  inability  of 
the  operators  to  duplicate  the  technic  within  the  limits  of  error  demanded  by  the 
sensitivity  of  the  colorimeter. 

The  variations  between  batches  of  starch  solution  were  of  greater  magnitude 
and  suggest  errors  in  weighing,  in  putting  the  starch  into  solution  and  in  quantita¬ 
tive  dilution  or  they  might  indicate  a  lack  of  homogeneity  in  the  starch  reagent. 
Variations  in  the  colorimeter  were  not  considered.  According  to  information 
furnished  by  the  Klett  Manufacturing  Company  the  colorimeter  is  provided  with 
2  matched  photoelectric  cells  of  the  blocking  layer  type  in  a  fully  compensated 
and  carefully  balanced  electrical  circuit.  It  was  stated  that  this  type  of  con¬ 
struction  safeguarded  the  machine  against  fluctuations  in  light  intensity  due  to 
pow’er  supply  variations.  Therefore  the  starch  preparations  rather  than  the 
instrument  likely  caused  the  error. 

The  data  collected  from  the  6  individuals  were  in  essential  agreement  with  that 
offered  by  Myers  and  Adams  (5)  and  Day  (1).  It  indicated  that  there  was  con¬ 
siderable  variation  in  the  amylolysis  of  the  saliva  of  various  individuals.  The 
data  on  variations  in  ptyalin  activity  throughout  the  day  were  not  significant, 
but  probably  should  be  studied  in  more  detail.  The  data  of  Gore  (2),  although 
taken  for  the  entire  24  hour  day  was  too  limited  in  amount  to  be  conclusive.  A 
restudy  of  the  problem  in  relation  to  other  factors  of  saliva  and  to  the  incidence 
of  caries  using  the  technic  described  herein  is  contemplated.  Added  study  of  the 
technic  seems  necessary. 

SUMMARY  AND  (’ONCLUSIONS 

1.  A  method  of  estimating  the  amylolytic  activity  of  saliva  is  described. 
2.  Soluble  starch  was  weighed  accurately  and  dissolved  in  water  so  that  40  ml. 
contained  3.5  mg.  of  starch.  The  indicator  was  0.05  N  iodine.  3.  A  Klett- 
Summerson  photoelectric  colorimeter  with  KS-54  filter  was  used  to  determine 
color  intensity  of  the  starch-iodine  mixture.  4.  To  40  ml.  of  starch  solution  in 
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a  20  mm.  colorimeter  cell  was  added  0.1  ml.  of  fresh  saliva.  The  2  solutions 
were  mijced,  the  colorimeter  was  adjusted  to  zero  and  after  1  minute  of  digestion 
0.025  ml.  of  iodine  was  added.  After  stirring,  the  amount  of  undigested  starch 
was  determined.  This  figure  was  subtracted  from  the  original  amount  (3.5 
mg.)  to  give  the  amount  of  starch  actually  digested.  5.  This  method  measured 
amylolysis  of  saliva  in  terms  of  mgm.  of  starch  digested  under  a  standard  set  of 
conditions.  6.  For  5  successive  days  fresh,  unstimulated  saliva  of  6  individuals 
was  tested  for  amylolytic  activity  at  9  and  11  a.m.  and  1,  3  and  5  p.m.  7. 
Statistical  analysis  indicated  that  for  the  group  the  bi-hourly  variations  in  amyl¬ 
olysis  were  not  significant.  8.  Variations  among  the  6  individuals  in  amylol3rtic 
activity  of  the  saliva  were  statistically  significant.  9.  The  technic  needs  addi¬ 
tional  refinement  to  take  full  advantage  of  the  sensitivity  of  the  photoelectric 
colorimeter. 
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PART  I.  INTRODUCTION 

The  complexity  of  the  problem  under  consideration  is  due  to  the  concomitant 
and  interrelated  growth  of  the  teeth  and  jaws.  Previous  studies  have  been 
largely  concerned  with  the  growth  of  teeth  and  jaws  as  an  interrelated  unit. 
This  study  recognizes  that  the  teeth  and  the  jaws  have  their  respective  inde¬ 
pendent  patterns  of  growth  and  considers  each  separately.  In  this  way  the 
changing  positional  relationship  of  teeth  and  jaws  during  growth  may  be  better 
understood.  Previous  studies  have  been  largely  concerned  with  the  stage  in 
development  following  the  completed  formation  of  the  crown  of  the  tooth.  This 
study  is  largely  concerned  with  the  stage  in  development  previous  to  the  com¬ 
pleted  formation  of  the  crown  of  the  tooth. 

With  some  important  exceptions,  there  is,  on  the  whole,  a  general  agreement 
regarding  the  mechanism  and  the  direction  of  growth  of  the  jaw  bones.  Bone 
growdh  occurs  by  apposition  and  resorption.  Very  few  observers  tcxiay  still 
adhere  to  the  theory  of  interstitial  phenomenon  of  bone  growth.  Experiments 
of  the  middle  and  late  eighteenth  centurj'  were,  as  a  matter  of  fact,  most  con¬ 
vincing  in  nullifying  the  theory  of  the  interstitial  phenomenon  of  bone  growth, 
although  the  notion  was  adhered  to  for  many  years  afterwards  and  still  is  in  some 
quarters.  It  is  held  chiefly  with  regard  to  some  of  the  bones  of  the  skull,  if  not 
directly,  then  by  implication;  it  is  involved  with  the  difficulty  of  understanding 
the  directions  of  growth  of  some  of  the  bones  of  the  skull,  because  of  their  com¬ 
plexity  of  relationship  and  arrangement. 

It  is  necessary  to  consider  the  growth  of  the  mandible  in  its  two  parts:  that 
of  the  body  and  of  the  ramus.  It  is  fairly  well  established  that  the  body  of  the 

‘The  cost  of  publication  of  this  material  was  borne,  in  part,  by  Columbia  University. 
Presented  at  the  Research  Section,  Chicago  Mid-Winter  Meeting,  Chicago,  Ill.,  Febru¬ 
ary,  1944.  Received  for  publication,  June  5,  1944. 
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mandible  increases  in  vertical  dimension  by  apposition  of  bone,  chiefly  at  the 
crest.  Only  about  10%  of  the  vertical  dimension  of  the  body  of  the  adult  mandi¬ 
ble  is  due  to  apposition  of  bone  at  its  lower  border  (2,  3).  Fig.  /  is  a  composite 
diagram  taken  from  Brash  (2)  and  illustrates  the  increase  in  vertical  dimension 
of  the  body  of  the  mandible.  Verj'  little  bone  is  added  to  the  lower  border  of  the 
mandible.  Most  of  the  bone  is  added  gradually  to  the  crest. 

There  is  also  general  agreement  that  the  increase  in  vertical  dimension  of  the 
maxillae  takes  place  by  apposition  of  bone  at  the  crest;  but  it  is  not  at  all  clear 
what  happens  at  the  nasal  border  in  the  premaxillary  region,  or  at  the  orbital 
borders  of  the  bodies  of  the  maxillae.  Some  obseiwers  believe  that  a  certain 
amount  of  bone  grow^th  does  take  place  in  the  superior  borders,  but  that  as  bone 
grouih  occurs  the  entire  maxilla  is  forced  in  a  downward  direction  (7,  8).  Other 


Fig.  1.  Diagrammatic  representation  taken  from  Brash  (2)  showing  direction  of  vertical 
growth  of  body  of  mandible  of  pig  from  birth  to  adult  stage.  The  ages  of  the  pigs  were  as 
follows:  newborn,  4^  weeks,  11 1  weeks,  Z2\  weeks,  92^  weeks.  The  upward  and  forward 
movement  is  evident. 

ob.serv'ers  believe  that  the  superior  border  of  at  least  the  premaxillary  bone  is  a 
stable  area  (9,  23). 

The  Crown  Germ 

In  discussing  the  manner  and  the  direction  of  growth  of  the  tooth  germ  it  is 
necessary  to  clarify  our  views  concerning  the  epithelial  sheath,  which  outlines 
the  forming  tooth  root,  if  we  are  to  understand  better  the  differences  of  opinion 
concerned  with  migratory  movement. 

Fig.  2  represents  a  tooth  germ  of  a  human  mandibular  first  incisor  at  a  familiar 
stage  of  development,  often  referred  to  as  the  “bell  stage”.  There  is  as  yet  no 
evidence  of  hard  tissue  formation,  although  the  outline  in  miniature  of  the  future 
tooth  is  already  descernible  in  the  arrangement  of  the  inner  enamel  epithelial 
cells,  (A).  These  cells  are  actively  concerned  with  the  formation  of  enamel. 
The  remaining  epithelial  cells — the  super-structure  of  the  enamel  organ  con¬ 
sisting  of  the  stratum  intermedium,  (SI)  which  lies  in  several  layers  in  close 
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proximity  to  the  amelol)lasts,  the  stellate  reticulum  (SR),  and  the  outer  enamel 
epithelial  cells  (OE) — play  their  respective  parts  in  protecting  and  nourishing 
the  enamel  forming  cells.  At  what  may  be  regarded  as  the  cervical  end  (CL), 
of  the  enamel  organ,  the  inner  and  outer  enamel  epithelial  cells  join  in  a  loop 
generally  described  as  the  epithelial  sheath.  In  previous  studies  (11,  12),  in 
collaboration  with  Applebaum,  the  author  has  demonstrated  that  at  this  stage 
of  the  development  of  the  tooth  there  is  as  yet  no  evidence  of  an  epithelial  sheath. 
The  cells  of  the  enamel  organ  are  entirely  concernetl  with  the  formation  of 
enamel.  This  stage  in  the  development  of  the  tooth  should  for  accuracy  be 
designated  as  the  crown  germ.  We  maintained  in  addition  that  the  cervical 


Fig.  2  Fig.  3 

Fig.  2.  Crown  gorni  ()f  a  deciduous  mandibular  first  incisor  just  previous  to  hard  tissue 
formation.  Outline  in  miniature  of  future  crown  is  iliscernil)le  in  arrangement  of  amelo- 
blasts— OE — outer  enamel  epithelium;  SH — stellate  reticulum;  SI — stratum  interme¬ 
dium;  P  -dental  papilla;  CL — cervical  loop. 

Fig.  3.  Crown  germ  of  deciduous  mandibular  first  incisor  showing  l)e);inning  of  hard 
tissue  formation  in  incisal  region.  M — enamel  matrix;  1) — dentin;  different  iatingamelo- 
blasts;  undifferentiate<l  amehiblats;  CL — cervical  loop;  P  — dental  papilla. 


ends  of  the  enamel  organ  in  the  region  of  continuity  between  outer  and  inner 
enamel  epithelium  is  the  future  cervical  region  of  the  crown,  and  should  l>e  desig¬ 
nated  as  the  cervical  loop.  The  epithelial  sheath,  the  outlining  organ  of  the  root, 
is  not  in  evidence  until  the  enamel  matrix,  with  the  exception  of  the  small  cer¬ 
vical  H'gion,  is  fornuHl;  and  the  epithelial  sheath  d(X‘s  not  begin  to  function  until 
most  of  the  enamel  is  maturwl. 

When  Orban  (23)  observed  that  the  epithelial  slmath  is  a  relatively  point, 
it  is  important  to  know  that  he  used  the  term  not  alone  for  the  true  epitlu'lial 
sheath,  the  formative  organ  of  the  root,  but  also  for  the  cervical  loop.  His 
statement  that  the  epithelial  sheath  is  a  relatively  tixinl  point  therefore  applies 
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not  only  to  the  root  stage  of  the  development  of  the  tooth,  but  also  to  the  crown 
stage  of  its  development.  As  his  criterion  he  used  the  floor  of  the  nose;  therefore 
his  investigation  was  concemwl  only  with  the  maxillary  incisor  teeth.  He  noted 
that  at  any  stage  of  the  development  of  a  tooth,  whether  in  the  crown  or  the  root 
stage,  the  deepest  point  kept  a  relationship  of  proximity'  to  the  floor  of  the 
nose.  He  therefore  concluded  that  the  tooth  germ,  as  it  increased  in  vertical 
dimension,  must  be  moving  away  from  the  fundus — in  this  case,  the  floor  of  the 
nose.  This  conclusion  is  necessarily  ba.‘<ed  upon  the  belief  that  the  floor  of  the 
nose  is  a  .stable  area  throughout  the  entire  period  of  growth  and  development  of 
the  .skull. 

The  question,  specifically,  is  whether  Orban’s  observation  that  ‘‘in  the  develop¬ 
ment  of  the  tooth  germs,  there  is  no  active  inward  growth  taking  place”  (23) 
is  correct.  I  will  try  to  present  e\'idence  that  this  view  is  incorrect  as  far  as  the 
development  of  the  crown  is  concerned,  but,  with  some  exceptions,  is  correct 
as  far  as  the  development  of  the  root  is  concerned. 

There  is  sufhcient  evidence  that  before  the  formation  of  hard  ti.ssues,  the  cro\Mi 
germ  grows  in  length  from  the  incisal  or  the  occlusal  region  in  the  direction  of  the 
fundus  (14,  21 ).  With  the  beginning  of  enamel  matrix  formation,  additional  in- 
crea.'ie  in  length  is  obtained  in  the  incisal  or  the  occlusal  region  by  the  super¬ 
imposition  of  the  incremental  layers  of  enamel  matrix.  The  crown  germ,  there¬ 
fore,  increa.ses  its  vertical  dimension  in  lioth  directions:  in  the  inci.><al  or  the 
occlusal  direction  a  prescribed  amount,  depending  uiion  the  thickne.ss  of  enamel; 
and  in  the  direction  of  the  cervical  r(*gion  or  the  fundus,  the  remaining  amount. 

Fig.  3  repre.sents  a  mandibular  incisor  at  a  somewhat  later  stage  of  development. 
In  the  inci.‘<al  region,  where  enamel  (M)  is  in  the  process  of  formation,  the  amelo- 
blasts  are  functionally  different iatwl.  Xo  increase  in  vertical  dimension  can 
occur  in  this  region  excejit  by  superimposition  of  additional  increments  of  enamel. 
But  in  the  region  below  the  terminal  end  of  the  formed  enamel  increment  the 
ameloblasts  (A)  are  still  in  a  differentiating  state;  and  evidences  of  mitotic  figures 
are  plentiful  in  all  of  the  stag(‘s  of  the  differentiating  proce.ss  of  the  cell,  indicating 
a  considerable  increase  by  proliferation.  (Irowth  th(*refore  must  occur  in  the 
direction  of  the  cervical  loop  (14,  21). 

Materials  of  Study 

Human  embryologic  specimens  used  rang(‘d  in  age  from  ca.  4  to  7  months  in 
utero,  and  were  cut  in  sagittal,  longitudinal,  and  frontal  .sections.  Postnatal 
material  ranged  in  age  from  birth  to  about  5  years  of  ag(*.  All  .sections  are  stained 
with  h(*matoxylin-eosin.  Human  skulls  studi<‘d  wer(‘  from  about  7  months  in 
utero  to  about  years  of  age.  Included  in  this  study  are  the  human  skulls 
from  the  collection  of  Dr.  L.  M.  Waugh,  for  which  due  acknowledgment  is 
made. 

Findings 

Fig.  is  a  low  j)ower  view  of  human  embryo  jaws  at  about  4j  months,  cut  in 
sagittal  .section.  The  maxillary  (MC)  and  the  mandibular  (MI)  deciduous 
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crown  germs  can  be  seen  in  their  respective  positions.  Both  croM-n  germs  are 
generally  surrounded  by  their  respective  follicles  (F).  The  follicle  is  an  arrange¬ 
ment  of  loose  connective  tissue.  The  sagittal  view  of  the  entire  mandible  (M) 


Fig.  5  Fig.  4  (Upper)  Fig.  6 

Fig.  4-  J'agittal  section  of  human  embryo  of  about  4J  months  showing  maxillary  (MC) 
and  mandibular  (MI)  tleei<luous  first  incisor  crown  germs  in  their  respective  positions. 
Follicle  (F)  surrounds  the  maxillary  crown  germ  and  the  follicle  (F')  surrounds  mandibular 
crown  germ.  FB—  fundic  bone  of  maxillary  crown  germ;  LB—  labial  bone;  S — successions! 
lamina;  T — tongue;  X'— fundic  bone  of  mandibular  crown  germ;  X*— lingual  bone  of  man¬ 
dibular  crown  germ. 

Fig.  5.  Higher  magnification  of  fundic  bone  (area  X'  of  Jig.  4)  showing  resorption  (R) 
on  surface  of  bone  adjacent  to  dental  follicle  (F').  B — blood  vessel. 

Fig.  6.  Higher  magnification  of  lingual  bone  (area  X*  of  Jig.  4)  showing  resorption  (IIB) 
on  inner  surface  adjacent  to  follicle  (F).  ('tl — crown  germ. 


is  SITU.  No  boue  formation  is  present  incisally  above  the  maxillary  or  the 
mandibular  crown  g(*rms.  Resorptitm  is  evident  on  the  inner  aspt'cts  of  the 
entire  extent  of  bone  adjactait  to  the  follicles  in  both  the  maxilla  and  the  mandi¬ 
ble.  Fig.  o  is  a  higlnu-  magnification  of  the  artai  (X')  of  tig.  4-  This  includes 
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part  of  the  lingual  and  part  of  the  fundic  hone  of  the  mandibular  crown  germ. 
Resorption  is  evident  on  the  side  adjacent  to  the  follicle  (F).  The  follicle  is 


Fig.  7  (Upper)  Fig.  8  (Lower) 

Fig.  7.  Sugittal  section  of  hunnin  einbryc*  of  about  4i  months  showing  anterior  region  of 
maxilla  with  maxillary  deciduous  first  incisor  crown  germ  (('(J)  PB  -palatal  bone; 
LB — labial  bone;  F— follicle;  CL  cervical  loop;  SL — successional  lamina;  X — fundic  bone 
at  floor  of  nose. 

Fig.  8.  Higher  magnification  of  fundic  bone  (area  X  of  Jig.  7).  Resorption  at  innersurface 
of  fundic  bone  (FB)  adjacent  to  follicle  (F).  B  blood  vessel. 

highly  vascular.  Fig.  0  is  a  higher  magnification  of  tin*  area  (X*)  in  fig.  4  of  the 
lingual  plate  of  hone  of  the  mandibular  incisor  crown  germ.  Inhere  is  evidence 
of  resorption  on  the  inner  asjiect  adjacent  to  tlu*  follicle  of  the  crown  germ. 


Fig.  9.  Low  power  nia^iiiticatiou  of  aa^ittal  seetion  of  human  embryo  t)f  about  oj  months 
with  maxillary  (('(J)  ami  mandibular  first  ineisor  crown  nerms.  LH — labial  bone;  F — 
follicle;  X  -  retiion  of  labial  crest;  X'— labial  bone;  X*-  fumlic  bone  at  floor  of  the  nose; 
T — tonj^ue;  M  niamlibh*. 

Fig.  10.  Higher  magnification  of  labial  «’rest  of  bone  (area  X  of  Jig.  9)  showing  active 
apposition  of  bone  chiefly  at  the  labial  side  of  the  crest  ((’).  Active  apposition  extends 
along  the  entire  labial  region  (Lt  of  the  labial  btine. 

Fig.  11.  Higher  magnification  of  area  X'  i)f  jig.  9.  This  is  labial  lM)ne  directly  adjacent 
to  the  are:i  shown  in  jig.  10.  Active  bone  growth  is  occurring  all  along  line  on  labial  (L) 
or  outer  region  of  bone.  Inner  surface  adjacent  to  the  follicle  (F)  is  old  bone  (O)  largely 
at  rest,  with  slight  evidence  of  resorption  (U». 


Fig.  12  (Upper)  Fig.  13  (Lower) 

Fig.  12.  Higher  magnification  (area  of  fig.  9)  of  bone  at  fundus.  There  is  resorption 
(R)  of  inner  aspect  of  fundic  bone  and  apposition  of  new  bone  (XB)  in  direction  of  floor  of 
nose.  Follicle  (F)  is  highly  vascular  with  some  evidence  of  extravasation.  ('G — crown 
germ. 

Fig.  13.  Higher  magnification  (area  X*  of  9)  of  lingual  bone  near  crest  and  including 
palate  side.  Active  bone  growth  may  be  seen  at  the  crest  ((')  and  on  palate  side  (P)  and 
bone  resorption  on  inner  sicle  of  bone  trabeculae  adjacent  to  follicle.  ('G — crown  germ; 
F — follicle;  R — resorption;  XB — new  bone  formation. 


Fig.  5  is  a  low  power  magnification  of  a  sagittal  section  near  the  niidline  of  a 
human  embryo  at  aVtout  5|  months  with  maxillary  (C’G)  and  mandibular  first 
incisor  crown  germs  in  their  respective  positions.  The  crown  germs  are  stir- 


Fig.  H  (Upper)  Fig.  15  (Lower) 

Fig.  14.  Low  power  view  of  frontal  section  of  human  embryo  at  about  months,  cut 
through  area  of  maxillary  deciduous  crown  germ  (CG)  and  nose.  C'rowngermis  surrounded 
by  loose  connective  tissue  (F).  Bone  is  present  at  fundic  area  of  floor  of  nose  as  well  as  on 
distal  and  mesial  aspects.  There  is  an  absence  of  bone  incisally  above  crown  germ.  Mesially 
(MS)  is  the  maxillary  suture.  X — cartilage;  OE — gingival  epithelium;  OC' — oral  cavitj'. 

Fig.  15.  Higher  magnification  of  fundic  bone  (area  X  in  Jig.  14)^  which  extends  mesially 
to  maxillary  suture  and  includes  part  of  mesial  bone.  Fundic  bone  (FB)  adjacent  to  follicle 
appears  to  be  inactive.  .Vpposition  of  new  bone  may  be  seen  on  side  toward  nose  (NB). 
At  mesial  terminal  end  of  fundic  bone,  new  bone  formation  is  evident  in  direction  of  maxillary 
suture. New  bone  formation  is  also  evident  on  mesial  side  of  mesial  bone  in  direction  of 
maxillary  suture,  and  old  bone  ailjacent  to  follicle  (F).  C’G — crown  germ. 
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Fig.  17  Fig.  16  (Upper)  Fig.  18 


Fig.  16.  Low  power  view  of  liorizontal  seetion  of  niaxillu  of  embryo  at  about  6  months, 
fiorizontal  views  of  all  of  5  deciduous  maxillary  and  first  permanent  molar  erown  germs  are 
seen  in  their  resi)eetive  statesof  development.  Second  incisorcrown  germ  (II)  appears  in 
lingual  relation  and  crowded  between  the  first  incisor  (1)  and  the  canine  crown  (III)  germs. 
F'ollicle  (F)  surrounds  individual  crown  germs.  Thin  layer  of  bone  borders  buccal  and 
labial  sides  of  follicles,  with  exception  of  canine  area.  Varied  thicknesses  of  bone  border 
lingual  or  palatal  side  of  folli<de.  IV — first  deciduous  molar  crown  germ;  .second  de¬ 
ciduous  molar  crown  germ ;t)-  first  permanent  molar  crown  germ;  X — buccal  bone  in  the 
the  region  of  first  deciduous  molar  crown  germ;  X'— labial  bone  a<ljacent  to  second  incisor 
and  canine  crown  germs;  X*  lingual  or  palatal  bone  adjacent  to  first  and  second  incisor 
crown  germs. 

Fig.  17.  Higher  magnification  of  bone  on  buccal  side  (area  .\  of  Jig.  16)  of  deciduous  first 
molar  emwn  germ.  .Opposition  of  bone  is  evident  on  outer  or  buccal  side  (NB)of  small 
trabeculae,  and  re.sorption  (OH)  on  inner  side  adjacent  to  follicle.  Young  connective  ti.ssue 
fillers  (CF)  are  seen  in  profusion  at  outer  rim  of  follicle  (F). 

Fig.  18.  Higher  magnification  of  labial  bone  (area  .\'  of  Jig.  16)  adjacent  to  follicles  of 
canine  and  second  incisor  crown  germs.  Hone  apposition  (NH)  is  eviilent  at  outer  or  labial 
aspect  of  bone,  and  resorption  (OHi  of  inner  asjiect  is  seen  adjacent  to  follicle.  ('F — 
connective  tissue  fibers  bordering  the  follicles  of  second  incisor  and  canine  crown  germs- 
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rounded  by  their  respective  follicles  (F).  There  is  as  3'et  no  bone  formation 
incisalh’  above  the  crown  geims.  The  bone  surrounds  the  follicle  on  onh’  3 
aspects' — the  labial  side,  the  lingual  side,  and  at  the  fundus.  Fig.  10  is  a  magnifi¬ 
cation  of  the  region  of  the  crest  (area  X  of  fig.  9)  of  the  labial  bone  of  the  maxil¬ 
lary  crown  germ.  New  bone  growth  is  verj-  active  at  the  outer  or  labial  (C) 
side  of  the  crest.  New  bone  formation  extends  along  the  outer  or  the  labial 
(L)  side  of  the  labial  bone.  Fig.  11  is  a  higher  magnification  of  area  X'  of  fig. 
9,  the  labial  bone  direct  1\'  adjacent  to  the  area  shown  in  fig.  10.  Active  bone 
growth  is  occurring  all  along  the  line  on  the  labial  or  outer  region  of  the  bone. 
The  inner  surface  adjacent  to  the  follicle  (F)  is  old  bone  largeU'  at  rest,  with 
slight  evidence  of  resorption.  Fig.  12  is  a.  higher  magnification  (area  X®  of 
fig.  9)  of  the  bone  at  the  fundus.  There  is  resorption  (R)  of  the  inner  aspect 
of  the  fundic  bone  and  apposition  of  new  bone  (XB)  in  the  direction  of  the  floor 


Fig.  19.  Higher  inagiiifiration  of  the  area  (.V*  of  fig.  16)  on  palatal  side  of  deciduous  first 
and  second  incisor  crown  germs.  Hes«)rption  (OH)  is  eviilent  tm  inner  jisj)ect  of  fame  ad¬ 
jacent  to  follicle  (F),  and  apposition  (XH)  on  palatal  side  of  hone. 


of  the  nose.  The  follicle  is  highly  valcular.  Fig.  13  is  a  higher  magnification 
(area  X*  of  fig.  9)  of  the  lingual  Ixme  near  the  crest  and  including  the  palate 
side,  .\ctive  bone  growth  ma.v  be  .seen  at  the  crest  ((.’)  anti  on  the  palate  side 
(P),  and  bone  resorption  on  the  inner  side  of  the  bone  trabeculae  adjacent  to  the 
follicle. 

Fig.  l.'f  is  a  low  powtu-  vi(*w  of  a  frontal  section  of  a  human  embiyo  at  about 
4^  months,  cut  through  th(‘  area  of  the  maxillaiy  d(‘citluous  crown  germ  (C'G) 
and  the  nost*.  Tht*  crown  g(*rm  is  surrounded  ly  loost*  connective  ti.ssue  (F). 
Hone  is  pre.sent  at  the  fundic  area  of  th(‘  floor  of  the  nose  as  well  as  on  the  distal 
and  mt'sial  jispects.  ^'ht'rt'  is  an  abstuice  of  l>one  inci.sally  above  the  crown  germ. 
Mesiall^’  (MS)  is  the  maxillary  .suture.  Fig.  13  is  a  higher  magnification  of  the 
tundic  bone  (area  X  in  Jig.  l-'f),  which  extends  mesially  to  the  maxillary  .suture* 
and  includes  part  of  the  nu*sial  bone.  'I'he  fundic  bone  (FH)  adjaeent  to  the 
follicle  shows  (*vid<*nee  of  resorption,  .\pposition  of  bone  ma,v  be  stH*n  on  the 
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side  toward  the  nose  (XB).  At  the  mesial  terminal  end  of  the  fundic  bone,  new 
bone  formation  is  evident  in  the  direction  of  the  maxillary  suture.  New  bone 
formation  is  also  evident  on  the  mesial  side  of  the  mesial  bone  in  the  direction 
of  the  maxillary  suture,  and  old  bone  adjacent  to  the  follicle. 


Fig.  20  (I'pijer)  Fig.  21  {Lower) 

Fig.  20.  Low  power  view  of  sagittal  seetioii  of  human  embryo  at  about  0  months.  Four 
of  crown  germs,  second  inci.sor.  first  and  .seccjinl  deciduous  molars,  and  first  permanent  molar 
are  seen  in  this  sectiijii  in  their  respective  stages  of  development  in  mandible.  There  is 
no  evidence  of  Ixiiie  anywhere  along  crest  of  these  crown  germs.  Htme  outlines  lower  border 
cjf  the  mandible  and  part  of  the  ramus.  Ileadof  condyle  ((')  and  coronoid  process  ((’P)  are 
also  seen.  Entire  interior  of  body  of  mandible  with  part  of  anterior  border  of  ramus  con¬ 
sists  of  lo<»se  (ajimective  tissue,  with  g<*nerous  spacing  between  developing  tooth  germs,  as 
noted  particularly  between  first  and  .second  deciduous  crown  germs.  .Opposition  of  bone 
(XHi  is  evident  in  posterior  bonier  of  ramus.  X— fundic  bone  of  decitluous  mandibular 
first  molar  crown  germ. 

Fig.  21.  Higher  magnification  (»f  the  fundic  bone  (area  X  of  Jig.  20)  of  deciduous  man- 
<iibular  first  molar,  including  lower  border  of  mandible.  Resorption  of  bt^ne  (OB)  is  seen 
on  inner  aspect  adjacent  to  billicle  (F)  of  cr(»wn  germ,  and  considerable  Iwme  formation 
(XBi  at  lower  bcjrder  (jf  mandible. 


Fiij.  10  i.s  it  low  ptiwcr  view  of  a  Inuizoutal  .section  of  the  inaxillu  of  an  embryo 
at  about  (i  month.s.  Horizontal  view.s  of  all  of  the  5  decitluou.s  maxillary  and 
first  jtermanent  molar  crown  germ.s  are  set*n  in  their  respect  ivt“  start's  of  tlevelop- 
ment.  'I'he  second  incisor  crown  germ  (11)  appears  in  lingual  relation  and 
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crowded  l)etween  the  first  ineisor  (I)  and  the  canine^  crown  (III)  germs.  The 
follicles  (F)  surround  the  individual  crown  germs.  A  thin  layer  of  hone  borders 
the  buccal  and  labial  sides  of  the  follicles,  with  the  exception  of  the  canine  area. 
Varied  thicknesses  of  bone  border  the  lingual  or  palatal  side  of  the  follicle. 

Fig.  17  is  a  higher  magnification  of  the  bone  on  the  buccal  side  (area  X  of 
fig.  16)  of  the  deciduous  first  molar  crown  germ,  .\pposition  of  bone  is  evident 
on  the  outer  or  buccal  side  (XH)  of  the  small  trabeculae,  and  re.sorption  (OB) 
on  the  inner  side  adjacent  to  the  follicle.  Young  connective  tissue  fibers  (CF) 
are  seen  in  profusion  at  the  outer  rim  of  the  follicle  (F).  Fig.  18  is  a  higher 
magnification  of  the  labial  bone  (area  X'  of  fig.  16)  adjacent  to  the  follicles  of  the 
canine  and  second  incisor  crown  germs.  Bone  apposition  (XB)  is  evident  at  the 
outer  or  labial  aspect  of  the  bone,  and  resorption  (OB)  of  the  inner  aspect  is  seen 
adjacent  to  the  follicle.  Fig.  19  is  a  higher  magnification  of  the  area  (X-  of 
fig.  16)  on  the  palatal  side  of  the  deciduous  first  and  second  incisor  crown  germs. 
Resorption  (OB)  is  evident  on  the  inner  aspect  of  the  bone  adjacent  to  the 
follicle  (F),  and  apposition  (XB)  on  the  palatal  side  of  the  bone. 

Fig.  20  is  a  low  power  view  of  the  sagittal  section  of  a  human  embryo  at  about 
6  months.  Four  of  the  crown  germs,  the  first  incisor,  the  first  and  second  de¬ 
ciduous  molars,  and  the  first  permanent  molar,  are  seen  in  this  section  in  their 
respective  stages  of  development  in  the  mandible.  There  is  no  evidence  of  bone 
anywhere  along  the  crest  of  these  crown  germs.  Bone  outlines  the  lower  border 
of  the  mandible  and  part  of  the  ramus.  The  head  of  the  condyle  (C)  and  the 
coronoid  process  (CP)  are  also  seen.  The  entire  interior  of  the  body  of  the 
mandible,  with  part  of  the  anterior  border  of  the  ramus,  consists  of  loose  con¬ 
nective  tissue,  with  generous  spacing  between  the  developing  tooth  germs,  as 
may  be  notwl  particularly  between  the  first  and  second  deciduous  molar  crown 
germs.  Even  in  this  low  ])ower  magnification  apposition  of  bone  (XB)  is  evident 
in  the  posterior  border  of  the  ramus.  Fig.  21  is  a  higher  magnification  of  the 
fundic  bone  (area  X  of  fig.  20)  of  the  deciduous  mandibular  fii-st  molar,  including 
the  lower  border  of  the  mandible.  Resorption  of  bone  (OB)  is  stnai  tm  the  inner 
aspect  adjacent  to  the  follicle  (F)  of  the  crown  germ,  ami  considerable  bone 
formation  (XB)  at  the  lower  border  of  the  mandible. 

Diticussion 

Evidence  has  been  presenttMl  to  demonstrate  the  manner  ami  direction  of 
growth  of  the  crown  germs.  The  coniurtive  tissue  follicle  (25)  has  not  bmi 
given  its  proper  significance  in  the  study  of  tlu‘  growth  process  of  the  crown  germ. 
The  evidence  imlicates  that  the  connective  tissue  follicle  is  in  an  active  iHuicHl 
of  growth,  particularly  during  the  (‘arly  jMMitHl  of  the  devt'lopment  of  the  crown 
germ.  This  is  indicatcnl  partly  by  the  strands  t>f  young  connective  tissue  tibeis 
at  the  peripheral  bordeix  of  the  growing  follich*,  and  partly  by  the  resorption 
of  bone  on  tin*  surfac<“s  directly  adjacent  to  the  tbllicU'.  (Irowth  of  the  con- 

® The  author  prefers  the  term  “euspiil”  when  referring  to  launan  material  hut  the 
term  “eanine”  is  used  throughout  this  paper  in  aeeortlanee  with  the  eustom  of  this  Journal 
and  the  reeommendation  of  the  Xomenelature  ('ommittee  of  the  Ameriean  Dental 
•Assoeiation  (Kd.) 
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nective  tissue  produces  the  resorption  of  bone  in  all  directions,  including  the 
direction  of  the  fundus,  and  is  always  in  advance  of  the  growth  of  the  crown 
g(‘rm.  The  growth  of  the  follicle  occurs  apparently  \\'ith  some  intervals  of  rest, 
and  continues  until  sufficient  room  has  been  established  for  the  completed  forma¬ 
tion  of  the  future  cro\ni  of  the  tooth.  The  epithelium  of  the  crown  germ  invades 
the  connective  tissue  follicle  in  all  directions,  including  the  direction  of  the  fundus. 
There  is  no  evidence  that  the  crown  germ  migrates  from  its  original  site  during 
its  development  in  any  direction,  buccally,  lingually,  or  in  the  direction  of  the 
J  crest  of  the  jaw.  The  crown  germ  develops,  instead,  in  a  fixed  site,  increasing 
its  size  eccentrically  in  all  directions  according  to  its  pattern,  the  path  l>eing 
cl(*ared  for  it  by  the  advance  growth  of  the  connective  tissue  follicle. 

Evidence  was  also  presentee!  that  bone  growth  occurs  by  apposition  at  the  outer 
surfaces  buccally,  lingually,  mesially,  and  at  the  labial  or  outer  aspects  of  the 
crt*st.  It  has  been  jK)ssible  to  demonstrate  the  occurrence  of  these  phenomena 
in  thr(H‘  directions,  sagittal,  horizontal,  and  frontal. 

Sutural  Growth 

To  undei-stand  the  manner  and  direction  of  growth  of  the  jaw  bone,  it  is 
important  to  visualize  grow  th  of  the  bone  in  three  dimensions.  The  bone  grows 
simultaneously  in  all  dii‘t‘ctions.  By  so  visualizing  one  can  more  easily  under¬ 
stand  what  happens  at  a  sutun*.  As  growth  of  bone  occurs  labially,  the  per¬ 
imeter  of  th<*  anterior  curve  is  steadily  increast*<l,  widening  the  suture  area  into 
which  bon(‘  grows  from  the  mesial  terminal  ends  of  the  bone.  This  was  demon- 
strat(*d  in  Jiq.  lo,  a  frontal  section  which  included  the  maxillary  suture.  There¬ 
fore,  there  is  no  s|)r(*ading  of  tlu*  maxilla(‘  laterally  by  addition  of  bone  at  the 
suture.  The  lateral  widening  of  the  maxillae  also  occurs  by  the  processes  of 
a|)position  and  resorption,  d'he  concept  that  sutural  bone  growth  increases 
dimensions  by  sprc'ading  the  bones  adjacent  to  a  suture,  is  untenable. 

So  Cause  and  Effect  Relation 

'rh<*re  is  no  e\  idenc<*  of  a  cause  and  effect  relation  between  bone  growth  and 
crown  germ  development.  (Irowth  of  the  crown  germ  does  not  influence  bone 
growth  at  tlu*  cr(*st,  which  occurs  simultanc'ously  outwardly  in  a  labial  or  a  buccal 
direction  and  vertically  in  the  diri'ction  of  the  oral  cavity. 

PAItT  II.  AXATO.MIC  fOKHKLATlO.N 

'I'ln*  histologic  findings  may  Ik*  c<irrelat(‘d  with  anatomic  evidence. 

Fi(j.  22  shows  a  maxilla  (.\)  and  a  mandible  (B)  of  a  human  at  birth;  the  crown 
germs  are  removed.  The  IxMly  of  the  mandible  and  the  dental  process  of  the 
maxillae  consist  of  crypts  of  the  deciduous  crown  germs  and  their  follicles.  The 
crypts  (6)  of  the  first  permanent  molar  crown  germs  art*  also  in  evidence.  The 
bone  consists  of  exct‘(*dingly  thin  platt's  which  surround  the  individual  crown 
germs.  There  is  no  bone  as  yet  at  the  crest  covering  tin*  crown  germs  incisally 
or  occlusally.  The  greatest  thickne.ss  of  Ixme  is  at  the  lower  border  of  the 
Ixxly  of  the  inandiblt*.  This  measures  2^  mm.  from  the  fundus  of  the  second 
tleciduous  molar  to  the  lower  border  «>f  the  Ixxly  tjf  the  maiulible;  (>  mm.  from 
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the  fundiLs  of  the  deeiduous  first  ineisor  to  the  lower  border  of  the  mandible; 
and  mm.  from  the  fundus  of  the  first  permanent  molar  crypt  to  the  lower 
border  of  the  mandible.  Measurement  of  all  diameters  of  the  crypt.s  of  the 
first  and  .second  deciduous  molar  crown  germs  reveals  that  the  maximum  space 


Fig.  22.  A — occlusal  view  of  a  human  maxilla  at  birth.  B — occlusal  view  of  a  human 
mandible  at  birth.  C’ — lateral  view  of  a  human  mandible  at  birth. 


Fig.  2S.  Lateral  views  of  a  human  mandible  about  7  months  in  utero  and  i»f  a  human 
mandible  at  birt  h. 

for  the  first  and  st‘cond  dt'ciduous  mohir  crowns  is  alreaily  attaiiunl,  although 
the  crowns  of  the.se  tetdh  are  far  from  eomphdetl  at  birth.  .\t  this  .stage,  hard 
tissue  formation  1ms  just  starttal  at  tlu*  deutino-enamel  junction  i»f  the  future 
longest  cusp  of  the  first  pt'iinanent  im>lar  crown  gtain.  Although  the  crypt 
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is  much  smaller  than  the  completed  ciomti  of  the  tooth,  it  is  still  considerably 
larger  than  the  crown  germ.  The  crypt  extends  from  the  crest  of  the  bone  in  the 
direction  of  the  lower  border  of  the  mandible.  Fig.  22  V  is  a  lat(‘ral  view  of  the 
mandil)le,  showing  the  j)orosity  and  the  thinness  of  the  buccal  plates  of  bone, 
ami  tlu*  outlines  of  the  crypts  of  the  deciduous  crown  germs  and  of  the  first 
iwrmanent  molar  (b)  which  at  this  stage  of  development  is  still  considerably  re- 
movtHl  from  the  lower  border  of  the  mandible. 

Fig.  23  is  a  lateral  view  of  human  mandibles,  one  at  about  seven  months  in 
uki'o,  ami  the  other  at  the  birth  stage;  it  shows  the  comparative  size  of  their 
development.  The  rami  appear  in  fairly  wide  obtu.>ie  angle  relation  to  the  hotly 
of  theii-  r(‘siK*ctive  mandibles. 


F 


Ftg.  24-  I  rontal  view  of  a  liuinan  .skull  at  birth.  F — fundic  hone  of  deciduous  maxillary 
first  incisor  crown. 

Fig.  2.^  is  an  anterior  view  of  another  human  sktill  at  birth.  The  labial  plates 
of  bone  have  been  removt'd;  the  deciduous  maxillary  incisor  teeth  occtipy  the 
entire  vertical  dimension  of  the  prema.xillary  bone.  At  birth,  the  enamel 
matrices  of  the  maxillary  decidtious  first  inci.sor  teeth  are  completetl  or  nearly 
completed;  the  crown  may  therefore  be  said  to  have  attained  its  maximum  di¬ 
mensions.  'I'he  contour  of  the  fundic  bone  (F)  of  the  deciduous  first  incisor 
crowns  follows  the  contour  of  the  cervical  r<‘gion  of  the  crown  of  the  tooth  very 
clost'ly;  the  convexity  extends  into  the  na.sal  cavity.  The  second  incisor  crown 
germ  is  in  a  jiosition  slightly  lingually  to  the  first  incisor.  'Fhese  findings  are 
similar  to  the  histologic  evidence  present(“d  in  the  horizontal  section,  fig.  17. 

Fig.  is  a  lateral  view  of  a  human  .skull  at  about  months  of  age,  with  the 
outer  plates  of  bone  removed  to  disclo.se  the  deva-loping  deciduous  teeth.  Hone 
is  present  all  along  the  crest,  covering  the  inci.sal  ami  occlusal  surfaces  of  the 
developing  crowns,  'i'he  crowns  <jf  the  deckhujus  first  molar  tw*th  (IV)  are 
completed  or  nearly  comjjleti-d.  'I'heir  occlu.sal  surfaces  lie  clo.se  to  the  crest 
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bone,  and  l)one  is  in  close  proximation  to  the  mesial  and  distal  surfaces  of  the 
crown.  The  follicle  has  disappeared,  except  in  the  ceiA'ical  region  near  the  fun¬ 
dus.  The  mandibular  second  deciduous  molar  crown  (V)  is  far  from  completion. 


Fig'  25  {I'pptr)  Fig.  2(5  (/.OHvr) 

Fig.  25.  Lateral  view  cjf  a  liuinaii  .skull  at  11  mouths  of  a>?»‘  with  outer  or  hueeal  plates  of 
buiie  removed  diselosiuK  crowns  of  de<‘iduous  ami  first  permaiumt  molar  crown  germs. 
IV— mandihular  first  deciduous  molar  crown;  V  mandihular  second  deciiluous  molar  crown; 
6— crypt  of  mandihular  first  |M*rmanent  molar  crown  germ;  (' — cn*st  i»f  hone. 

Fig.  26.  Lateral  view  of  a  human  skidl  2  years  and  4  mont  hs  of  age  with  t  he  outer  or  huccal 
plates  of  hone  removed,  disclosing  devidoping  )>ermanent  crown  germs,  ti  mamiihular 
first  permanent  molar  crown. 

The  enamel  is  .still  in  a  tfiatrix  state;  tlu‘  Gcclu.sal  morphology  indicates  incom- 
pletcne.ss  of  formation.  'I'he  (h'veloping  crown  is  frt'tdy  siirrtmndeil  by  a  space, 
including  tin*  rt'gion  betw<*<“n  the  crest  of  Inrnt*  aial  the  incomplete  occlusal 
surlact*  (»f  the  crown.  'I'liis  space  iinlicates  tin*  pr»“.sence  t)f  the  follicle. 


Fig.  27  (Upper)  Fig.  28  (Center)  Fig.  29  (Lower) 

Fig.  27.  Sagittal  section  of  human  mandible  about  0  months  of  age  with  the  deciduous 
second  molar  tooth  (V)  and  first  permanent  molar  crown  in  their  respective  stages  of  de- 
V’elopment.  Crown  of  the  second  deciduous  molar  is  completed.  Enamel  (P^)  is  almost 
entirely  calcified  and  part  of  root  (RP')  is  already  formed.  Remains  of  follicle  (P')  are  seen 
in  region  of  fundus.  Crown  of  first  permanent  molar  is  still  in  process  of  formation.  En¬ 
amel  (P^M)  is  in  matrix  state  and  enamel  matrix  is  not  yet  completely  formed.  Bone  sur¬ 
rounds  follicle  (P")  on  all  sides,  including  area  of  crest  (CB)  on  distal  region  above  first 
permanent  molar.  RP' — root  formation;  6 — first  permanent  molar  crown  germ;  CB — crest 
of  bone.  This  specimen  courtesy  Dr.  Isaac  Schour. 

Fig.  28.  Higher  magnification  of  fundic  bone  (area  X'of  fig.  27)  of  developing  crown  of 
first  permanent  molar.  Resorption  (OB)  of  bone  is  evident  on  inner  aspect  of  fundic  bone 
adjacent  to  follicle  (P')  of  developing  first  permanent  crown,  and  apposition  (NB)  is  seen 
on  outer  rim.  CP’ — connective  tissue  fibers. 

Fig.  29.  Higher  magnification  of  fundic  bone  (area  X  of  fig.  27)  of  completed  crown  of 
second  deciduous  molar,  with  beginning  of  root  formation,  .\pposition  of  bone  (XB)  is  in 
evidence  on  inner  aspect  of  fundic  bone  adjacent  to  root  of  tooth. 
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Fig.  lateral  view  of  a  human  skull  at  2  years  and  4  months  of  age.  The 
crown  of  the  first  permanent  molar  (6)  is  fairly  well  completed,  although  matura¬ 
tion  of  the  enamel  is  still  in  progress.  The  cervical  region  is  very  close  to  the 
lower  border  of  the  mandible  as  compared  to  the  birth  stage  previously  shown, 
where  the  fundus  of  the  first  permanent  molar  was  7^  mm.  removed  from  Ihe 
lower  border  of  the  mandible.  The  crown  is  completely  surrounded  by  Ixme, 
which  is  in  close  proximity  to  the  peripheral  surfaces  of  the  crown.  The  thick¬ 
ness  of  bone  at  the  crest  is  greater  than  at  the  9  months  old  stage. 

Fig.  27ia&  sagittal  section  of  a  human  mandible  at  about  9  monUis  of  age  with 
the  deciduous  second  molar  tooth  (V)  and  first  permanent  molar  crown  in  th^ 
respective  stages  of  developmait.  The  crown  of  the  second  deciduous  mcdar  is 
completed.  The  enamel  (E)  is  almost  entirely  calcified  and  part  of  the  root 
(RF)  fe  already  formed.  The  remains  of  the  follicle  are  seen  in  the  r^on  of  the 
fundus.  The  crown  of  the  first  permanent  molar  is  still  in  the  process  of  forma¬ 
tion.  The  enamel  (EM)  is  in  the  matrix  state,  and  enamel  matrix  is  not  yet 
completely  formed.  There  is  still  evidence  of  the  follide  (F)  surrounding  the 
developing  crown.  Bone  surrounds  the  follicle  (F)  on  all  sides,  including  the 
area  of  the  crest  (CB)  on  the  distal  region  above  the  first  permanent  molar. 
Fig.  is  a  higher  magnification  of  the  fundic  bone  (area  X.'  of  fig.  X7)  of  the 
developing  crown  of  the  first  permanent  molar.  Resorption  (OB)  of  bone  is 
evident  on  the  inner  aspect  the  fuiKlic  bone  adjacent  to  the  follicle  (F)  of  the 
developing  first  permanent  crown,  and  apposition  (NB)  is  seen  on  the  outer 
rim.  Fig.  is  a  higher  magnification  of  the  fundic  bone  (area  X  of  fig.  S7) 
of  the  completed  crown  of  the  second  deciduous  molar,  with  evid«ice  of  the  be¬ 
ginning  of  root  formation.  Apposition  (NB)  of  bone  is  in  evidence  on  the  inner 
aspect  of  the  fundic  bone  adjacent  to  the  root  of  the  tooth. 

Discussion 

The  anatomic  evidence  just  presented  may  be  correlated  with  the  histoli^c 
evidence.  Even  in  the  birth  stage  there  is  no  evidence  of  bone  at  the  crest  in 
any  of  the  deciduous  crown  germs  or  in  that  of  the  first  permanent  molar.  In  a 
wet  specimen  with  the  soft  tissues  in  place,  part  of  the  connective  tissue  follicle 
would  be  found  orally  above  the  existing  crest  of  the  bone.  This  is  also  seen  in 
histologic  sectiems  {fig.  4).  Crypts  of  the  deciduous  molar  teeth  at  birth  already 
answer  to  the  dimensions,  in  all  directions,  of  the  completed  crowns  of  the  decidu¬ 
ous  molar  teeth,  although  the  crown  germs  are  far  from  a  state  of  completion. 
The  dimensions  of  these  crypts  have  been  attained  by  the  growUi  of  the  follicle. 
The  crypts  extend  from  the  crest  of  the  bone  to  within  2§  mm.  of  the  lower  bord^ 
of  the  mandible.  Growth  of  the  follicle  is  therefore  in  the  direction  of  the  lower 
border  of  the  mandible  deeper  within  the  jaw  bone.  The  buccal  and  lingual 
plates  of  bone  simultaneously  are  increasing  their  vertical  dimensirms  by  addi¬ 
tional  formation  of  bone  along  the  crest.' 

This  maimer  and  direction  of  growth  is  also  apparent  with  the  first  permanent 
molar  crown  germ.  At  the  birth  stage  the  crypt  is  still  quite  small,  indicating 
that  the  follicle  has  by  no  means  attained  its  maximum  sixe.  Its  location,  how- 
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ever,  is  from  the  crest  of  the  bone  in  the  direction  of  the  lower  border  of  the  man¬ 
dible,  but  its  fundus  is  about  7i  mm.  from  the  lower  border.  As  continued 
growth  of  the  follicle  occurs,  bone  surrounding  the  first  permanent  molar  crown 
germ  will  be  continuously  resorbed  into  the  region  of  the  fundus,  so  that  the 
fundus  of  the  crown  germ  will  be  found  closer  to  the  lower  border  of  the  mandible. 

This  is  seen  happening  in  the  9  months  old  skull,  where  a  number  of  important 
changes  in  the  growth  process  are  evident.  The  formation  of  the  crowns  of  the 
deciduous  first  molar  teeth  is  virtually  completed,  and  the  follicles  have  disap¬ 
peared,  with  the  exception  of  the  r^on  of  the  fundus,  bone  now  l3dng  in  close 
proximity  to  the  surfaces  of  the  crown.  Bone  has  continued  to  grow  vertically 
in  the  direction  of  the  crest;  the  occlusal  surfaces  of  the  crowns  and  crown  germs 
are  covered  by  bone.  This  evidence  leads  to  the  conclusion  that  bone  growth 
along  the  crest  of  the  body  of  the  mandible  and  of  the  dental  process  of  the  maxil¬ 
lae,  foUovDS  an  individual  paUem  which  is  in  no  way  influenced  by  or  dependent 
upon  the  growth  and  development  of  the  teeth.  The  mandibular  second  deciduous 
molar  is  in  the  state  of  formation;  the  follicle  is  considerably  reduced  and  has 
undoubtedly  stopped  growing,  because  the  maximum  space  for  the  completed 
formation  of  the  crown  is  already  established.  The  crypt  of  the  first  permanent 
molar  is  larger  than  at  the  birth  stage,  and  the  fundus  is  nearer  the  lower  border 
of  the  mandible.  The  evidence  of  bone  at  the  crest  covering  the  occlusal  surface 
r^on  is  just  another  indication  of  the  continued  growth  of  bone  in  the  vertical 
direction. 

In  the  2  years  and  4  months  stage,  the  formation  of  the  enamel  matrix  of  the 
first  permanent  molar  is  completed.  The  cervical  region  of  the  crown  is  now 
quite  close  to  the  lower  border  of  the  mandible;  there  certainly  can  be  no  question 
what  the  direction  of  growth  of  the  tooth  germ  was.  The  bone  surrounds  the 
crown  of  the  tooth  closely  in  all  direction,  including  the  occlusal  surface.  This 
phenomenon  is  substantiated  by  the  histologic  section  of  a  deciduous  second 
mandibular  molar  and  a  first  permanent  mandibular  molar  adjacent  to  it.  The 
crown  of  the  second  deciduous  molar  is  not  only  completed  in  formation,  but  is 
almost  entirely  calcified;  and  the  root  is  in  the  process  of  formation.  The  fol¬ 
licle  has  disappeared,  and  bone  lies  in  close  proximity  to  the  surfaces  of  the 
crown.  Now  that  the  follicle  has  stopped  growing  there  is  evidence  of  bone 
apposition  on  the  inner  surfaces  of  the  fundus  adjacent  to  the  root  of  the  tooth. 
The  processes  of  bone  apposition  and  resorption  are  reversed,  and  the  crown  of 
the  tooth  is  now  for  the  first  time  in  a  migratory  stage. 

These  conditions  are  in  stiiking  contrast  to  those  of  the  adjacent  developing 
crown  of  the  first  permanent  molar  tooth.  The  follicle  is  still  present  and  has 
perhaps  reached  its  maximum  size,  although  there  is  still  some  evidence  of  growth 
at  the  periphery  and  at  the  fundus,  where  resorption  is  present  on  the  inner 
surface  of  the  fundic  bone  adjacent  to  the  follicle.  The  crown  of  this  tooth 
is  still  developing  in  its  fixed  site,  growing  eccentrically  in  all  directicms,  now 
largely  by  a  superimposition  of  increments  of  enamel. 

These  phenomena  of  the  growth  of  the  crown  germ  deeper  in  the  jaw  are 
likewise  evident  for  the  maxillary  incisor  teeth,  where  the  anatomic  evidence 
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shows  a  thin  plate  of  bone  folloM'ing  the  eontoiir  of  the  cen  ical  region  of  the 
croMTi,  the  convexity  of  which  extends  into  the  nose.  The  histologic  e\'idence 
of  earlier  stages  supports  the  observ  ation. 

.\n  additional  piece  of  anatomic  evidence  is  presented  in  fig.  30.  This  is  a 
frontal  view  of  the  skull  of  a  dwarf  of  about  5^  yeai-s  of  age,  previously  published 
by  Broadbcnt  (5).  The  maxillary  permanent  first  incisor  crowns  are  com¬ 
pleted  in  formation;  their  cervical  regions  extend  through  the  floor  of  the  nose 
at  (1)  and  into  the  nasal  cavitj’.  This  phenomenon  has  been  explained  as  failure 
of  migratory  vertical  movement  of  the  crown  during  its  growth.  It  indicates, 
instead,  a  failure  of  bone  growth  at  the  floor  of  the  nose,  the  crown  continuing 
its  growth  deeper  in  the  jaw  and  thereby  reaching  into  the  nasal  cavdty. 


Fig.  SO.  Frontal  view  of  skull  of  dwarf  of  about  oj  years  of  age.  I— cervical  region  of 
maxillary  imnnanent  first  incist»r  cniwn  extending  into  nasal  cavity.  (Courtesy  of  Dr. 
Holley  Hroadl>ent .) 

IWUT  111.  CHANCIXC  POSITIONAL  HKL.VTIDNSH IPS  HKTWEFX  DECTIH'OrS 
AX'D  PKH.MAXKXT  AXTEHIOH  TEETH 

Tpon  the  foregoing  tmatomic  evidtaict*,  the  changing  ixvsitional  ivlationships 
iH'twtH'U  the  deciduous  and  the  ptM'mtuient  anttM'ior  tindh  in  relation  to  the  jaw 
hone  can  be  retidily  dtalttced. 

t  ig.  31  is  a  lateral  vit*w  of  ti  humtm  skull  at  tibout  05  years  of  age.  Phe  outer 
plate's  of  bone  have  lam  rt'inovtHl  from  tht*  nutxilhi  iind  tlu'  mandible,  with  the 
exception  of  a  mirrow  rim  ttt  the  crest.  I'lu*  natts  of  the  deciduous  as  well  as  the 
crowns  t)f  the  pt'rmsim'ut  tmtt'rior  ttH*th  tire  disclo-sinl.  d'he  maiulibular  pt'r- 
manent  canine  crown  (3)  is  ha-ateil  deep  in  the  mandible,  with  its  cervical  ivgion 
dost'  to  the  lower  iairdi'r  of  the  mtmdible.  The  |a*rmanent  canine  crown  is 
completely  formed  tind  calcification  is  well  advanci*d.  'Fhe  bone  lies  in  close 
proximity  to  the  surfaces  of  tlu*  crown  in  all  ilirections.  The  crest  of  the  bone 
is  considerably  tibove  the  incistd  margin  of  the  mtindibular  ja'i'inanent  cuspid 
crown. 


Fig.  SI  (Upper)  Fig.  SS  (Lower) 

Fig.  SI.  lateral  view  of  liiiiiiaii  tikull  of  altoiit  5^  years  of  age  with  outer  or  hueeal 

plates  of  hone  removed  with  e\e<‘ptioii  (»f  naria)W  strips  of  hone  at  erest.  'I’he  roots  of  the 
dec  iduous  teeth  aitd  developint^  erowns  of  p(‘rinanent  teeth  are  disclosed.  I,  II— roots  of 
deciduous  maxillary  first  ami  seccmd  incisors  resjMH  tively.  1,  2,  H  -  crowns  «»f  |H*rtuaneiit 
maxillary  first  and  second  incisor,  and  canine  crowns  respectively.  3  crown  of  tnandihular 
|M'rman«;nt  canine  tooth. 

Fig.  S2.  Human  deciduous  anterior  teeth  showing  curvature  of  apical  reKiotis  of  roots  in 
lahial  direction. 


MOSES  DI.\MOND 


(Jne  may  readily  visualize  the  stnitienee  of  events  during  growth  that  re- 
.sulted  in  the  anatomic  relation  hetwwai  the  crown  of  the  permanent  canine  tooth, 
the  crest  of  the  hone,  and  the  position  of  the  tleciduous  canine  tooth.  At  the 
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beginning  of  hard  tissue  fonuation,  the  phenomenon  was  exactly  the  same  as  was 
demonstrated  for  the  developing  deeiduous  croMU  germs — the  growing  follicle 
has  resorbed  the  bone  surrounding  it,  and  enlarged  the  space  to  the  ultimate 
size  of  the  future  eroMii;  proliferation  of  the  enamel  organ  epithelium  has  pro¬ 
gressed  eccentrically  in  all  directions  as  well  as  d(*ep(‘r  within  the  jaM*  bone. 
The  crest  of  bone  at  that  stage  was  in  the  region  of  the  present  incisal  margin  of 
the  tooth.  The  body  of  the  mandible  continued  to  grow  vertically  by  addition 


Fig.  SS.  Ilistdloific  8hi»win|{  anatoinir  relati«)U  crown  of  the  (HTumiuMit 

mamiilnilar  first  incisor  and  the  apical  end  of  the  root  of  the  deciduous  inaudihular  first 
incisor.  K  calcified  enamel;  KM  enamel  matrix;  HU— apical  end  *>f  the  ileciituons  nnU 
of  a  mandilmlar  first  incisor  tooth. 

of  hone  at  the  crest.  'I'ln*  cnmii  t)f  tin*  dtriduoiis  ctinine  tindh  went  through 
similar  .stages  ttf  formation  ami  ctMupletion.  With  tht‘  ln‘ginning  of  rtK>t  forma¬ 
tion  the  tooth  started  its  migratory  movement  in  it  vertical  ilirection,  the  epi¬ 
thelial  sheath  rtTuaining  in  a  rtdafivtdy  fixt'tl  position,  'fhe  deciduous  tiK>th 
eventually  eruptcHl  in  tin*  oral  cavity,  its  crown  gradually  outdistancing  its 
relation  to  the  iMumamait  cjinine  erttwn,  which  is  still  in  its  ttriginal  tixt^l  site. 

•Vn  anatomic  detail  which  has  bet*n  given  littU*  t»r  mt  consuleration  is  con¬ 
cerned  with  tin*  morphology  of  the  rotds  td'  all  the  dt‘cidu(»us  anteru»r  teeth  (1). 
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The  ajiical  regions  of  their  roots  (fig.  32)  are  turned  labially.  This  characteristic 
morphology  helps  to  supjiort  the  e\'idence  that  the  crown  germ  develops  in  a 
fixinl  site. 

The  positional  relationship  the  apical  end  of  the  ixK)t  of  the  deciduous 

maxillary  incisor  and  the  crown  of  the  permanent  mandibular  incisor  tooth  is 
.shown  in  histologic  stations,  fig.  33.  Hy  the  time  the  crown  of  the  |)ermanent 
tooth  has  complet(*d  formation  and  is  well  on  its  way  to  maturation,  the  deciduous 
t<x>th  is  wnll  advancini  in  its  eruptive  movement.  The  apical  region  of  its  root 
forms  in  a  direction  away  from  the  labial  aspect  of  the  crown  of  the  permanent 
incisor,  thereby  accommodating  its  dii-ection  of  growth  to  the  fixed  site  of  the 
crown  of  the  |K*rmanent  incisor  tooth. 

F.\KT  IV.  CHANGING  L.ATEUAL  UEL.\TIOXSHIPs<  DURING  GROWTH 

All  the  discussion  has  beiai  e.s.sentially  on  the  vertical  relation  of  teeth  and 
jaw  bones  during  growth.  .\  detailwl  .study  of  the  lateral  relations  between 
teeth  and  bone  has  to  be  reserved  for  a  later  presentation.  There  are  however, 
one  or  two  general  statements  which  should  lx*  included.  One  of  the  principles 
pres(*nt<*d  in  this  study  Is  that  no  migration  of  the  crown  germ  occurs  in  any 
direction  until  the  enamel  of  the  crown  is  completely  formed  and  calcification 
is  well  advanc(*d.  This  principle  also  holds  true  for  migration  of  the  developing 
crown  of  the  tooth  in  mesial,  distal,  labial,  or  lingual  direction. 

A  horizontal  section  (Jig.  10)  of  the  maxillary  deciduous  anterior  teeth  in 
embryonic  stag(*  showe<l  the  crowding  betwwn  the  ileveloping  first  and  second 
incisors,  and  canine  crown  g(*rms,  w'ith  the  maxillary  deciduous  second  incisor 
in  a  lingual  relation  to  the  first  incisor  and  canine  crown  germs.  The  lingual 
position  of  the  deciduous  .second  inci.sor  is  still  in  evidence  at  the  birth  stage, 
as  demonstrat(*d  in  .//</.  22li,  which  show(*d  the  crypts  of  the  anterior  teeth  in  the 
maxilla.  The  proper  positioning  of  the  second  inci.sor  occui’s  as  the  growth  of 
the  bone  widens  llu*  p(*rimeter  of  the  anterior  curve  of  the  arch.  The  processes 
are  .synchionizc^J  so  that  the  second  inci.sor  d(K*s  not  migrate  to  its  normal  position 
in  the  arch  until  the  crown  of  the  tooth  has  completiHl  its  formation. 

The  .synchronization  of  bone  growth  with  normal  tooth  positioning  is  well 
illu.strated  by  the  permanent  first  and  second  inci.sors  and  canine  teeth.  The 
original  sit<‘  of  developnu*nt  is  dith'n'iit  for  (“ach  one  of  these  teeth.  It  has  been 
established  that  hard  ti.ssiu*  formation  of  tin*  permanent  maxillary  second  incisor 
does  not  b<;gin  until  at  about  1  year  of  age,  7  or  8  months  after  the  beginning 
of  hard  tissue  formation  of  tlu*  permanent  canine  crown  germ. 

The  explanati(m  for  this  ph(‘nomenon  is  to  be  found  in  the  synchronization 
of  the  interrelat<;d  grow  th  proce.s.s(‘s.  If  we  refer  back  U)  fig.  31  we  can  obser\'e 
that  the  apices  of  the  roots  (jf  both  the  deciduous  maxillary  incisor  twth  are 
within  the  mesiodlstal  diameter  of  the  crown  of  the  permanent  first  incisor. 
There  is  n(i  room  for  the  development  of  the  maxillary  second  incisor  crown  germ, 
(irowth  of  the  jaw  bone  has  to  take  place  in  anticipation  of  the  developmental 
proce.ss  of  the  .s(*cond  inci.sor  cnjwn  germ,  'rherefore,  the  timing  of  the  develop¬ 
ment  of  the  maxillary  pt'imanent  .second  incisor  is  appreciably  delayinl  to  .syn- 


h'ig.  34.  Left  lateral  view  of  Imiuaii  skull  of  al)out  Si  years  of  age  with  luieeal  plates  of 
l)oiie  nMiioved  with  (‘xeeption  of  narrow  strip  at  erest.  Hoots  of  tleeitluous  teeth  and  the 
crowns  of  developing  p<‘rinanent  teeth  are  tlisclosed.  I  crown  of  permanent  maxillary 
first  incisor;  :■{— crown  of  perinammt  maxillary  canim*  tooth;  -1  crown  of  maxillary  first 
premolar  tooth;  IV— maxillary  first  <ieciduous  molar  tooth. 

Fig.  35.  Frontal  view  of  saim*  skull  shown  in  Jig.  34.  Hoots  of  deciduous  teet  h  and  crowns 
of  permanent  dentition  are  distdosed  in  normal  anatomic  relati«>n  hetwetui  permanent 
caiiiiu*  crown  (d),  and  deciduous  canin«‘ toot  h  (III).  I  crownof  permanent  maxillary  first 
incisor;  I  crown  of  maxillary  first  priunolar  tooth  in  mesial  direction. 
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c'hronize  with  the  l)one  growth.  Even  at  this  05  year  stage  there  is  still  in¬ 
sufficient  space  between  the  jiermanent  maxillary  fii-st  incisor  and  the  canine 
crowns.  They  are  still  in  comparative  close  proximity  and  the  permanent 
.second  incisor  ciomti  is  in  lingual  direction. 

Photographic  artifacts  (0,  (i)  are  resjjonsible  for  the  erroneous  views  regarding 
the  lateral  migration  of  developing  crowns.  Fig.  34  presents  a  lateral  view  of  a 
skull  with  the  outer  plates  of  bone  removed.  In  this  photograph  the  permanent 
canine,  the  first  iiremolar,  and  the  deciduous  fii-st  molar  teeth  appear  directly 
over  each  other.  This  is  a  characteristic  photographic  or  x-ray  artifact;  it  is 
readily  explained  by  the  law  of  refraction.  Fig.  35  is  another  view  of  the  same 
skull  with  a  central  ray  directed  at  right  angles  to  the  canine  teeth.  The  per¬ 
manent  maxillary  crown  now  appeal’s  in  correct  relation  to  the  deciduous  canine 
tooth;  whereas,  the  developing  crown  of  the  finst  maxillary  premolar  tooth 
appears  in  a  mesial  relation  to  the  deciduous  first  molar  tooth. 

C'ONC’LUS  ION'S 

The  growth  and  the  development  of  the  crown  of  the  tooth  must  be  sharply 
differentiated  from  the  development  of  its  root.  There  is  no  evidence  of  the 
epithelial  sheath,  the  outlining  organ  of  the  root,  until  the  formation  of  the  enamel 
matrix  is  well  advanced.  The  enamel  organ  is  entirely  concerned  with  the 
formation  of  enamel;  and  the  loop  of  continuity  between  the  inner  and  outer 
enamel  epithelium  is  the  future  cervical  region  of  the  crown. 

The  dental  follicle  is  both  hero  and  villain  of  this  story.  It  is  intimately  as¬ 
sociated  with  the  growth  and  the  development  of  the  crown  germ.  Like  the 
foetus,  the  crown  germ  during  its  growth  and  development  is  a  parasite,  causing 
destruction  of  its  host,  the  surrounding  jaw  bone,  through  the  invasion  of  the 
connective  tissue  follicle.  In  this  way ,  the  space  in  the  bone  is  steadily  enlarged, 
and  into  this  space  the  epithelium  of  the  enamel  organ  grows  in  all  directions, 
including  into  the  depth  of  the  jaw  bone.  This  process  continues  until  the  follicle 
forms  sufficient  space  for  the  ultimate  size  of  the  crown  of  the  tooth.  The  follicle 
then  stops  growing  and  is  gradually  eliminated  by  compression  through  the 
superimposition  of  additive  layers  of  enamel  matrix.  In  the  final  process  the 
peripheral  surfaces  of  the  crown  lie  in  proximation  to  the  bone.  The  remains  of 
the  follicle,  as  is  well  known,  form  the  pericnlontal  membrane  and  the  cementum 
of  the  root.  The  diaital  follicle  may  also  be  regarded  as  the  placenta  of  the 
devloping  crown  germ.  Rich  in  blood  ve.ssels,  it  undoubtwlly  serves  as  the  direct 
source  of  nutrient  supplj’  to  the  enamel  organ. 

Xa  long  as  the  follicle  is  growing  the  adjacent  .surrounding  bone  is  being  re¬ 
sorbed.  When  the  follicle  stops  growing  the  surrounding  adjacent  bone  is  in  a 
period  of  rest  until  the  crown  of  the  tooth  is  virtually  completed.  Then  the 
bone  becomes  active  again,  particularly  in  the  fundus,  where  apposition  of  bone 
is  in  evidence;  and  the  crown  begins  its  migratoiy  movement.  I  believe  that  this 
is  the  essential  explanation  for  the  pluaiomenon  of  eruption.  The  mechanism  de¬ 
scribed  by  Sicher  (25)  may  well  function  as  the  triggia*  action  in  this  connection. 
At  first,  the  movement  is  slow  lH‘cause  of  the  resistance  of  bone  at  the  crest  and 
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the  tough  fibrous  gingival  tissue,  hut  as  soon  as  the  incisal  and  occlusal  surfaces 
of  the  tooth  appear  in  the  oral  cavity  the  resistance  has  been  eliminated  and  the 
familiar  arrangement  of  hone  trabeculae  is  found  at  the  fundus,  indicating  more 
rapid  movement.  In  the  normal  physiologic  process  the  epithelial  sheath  is  a 
relatively  fi.xed  point,  particularly  in  the  period  of  slow  migration  before  the 
croMii  makes  its  appearance  in  the  oral  cavity.  In  the  more  rapid  pha.ses  of 
vertical  migratory  movement,  the  forming  root  end  moves  away  from  the  fundus. 
When,  however,  vertical  migration  is  inhibited  the  root  grows  deeper  in  the  jaM’, 
the  fundus  being  gradually  resorbed.  Kronfeld  (20)  presented  the  histologic 
evidence,  illustrating  this  phenomenon  with  a  mandibular  premolar  tooth. 
Kronfeld,  however,  believed  that  the  grouth  of  the  root  deeper  in  the  jaw  bone 
was  one  of  the  pha.ses  of  the  noimal  growth  process.  He  overlooked  the  fact 
thatthe  mandibular  premolaiMas  crowded  betweenthe  adjacent  teeth  and  vertical 
migration  was  inhibited.  This  phenomenon  is  necessarily  associated  with  all 
impacted  teeth. 

In  a  previous  presentation  (10)  I  demonstratiKl  the  relation  of  growth  of  the 
length  of  the  ramus  to  the  development  of  the  dental  height.  The  evidence 
showed  that  a  retardation  in  the  length-groMth  of  the  ramus  failed  to  increa.se  the 
intermaxillary  space  and  inhibited  the  eruption  phenomena  of  the  teeth  as  well 
as  the  vertieal  growth  of  bone  at  the  erest  of  the  maxilla  and  the  hotly  of  the 
mandible.  Thus,  the  force  of  eruption  is  accordtnl  .secondary  place  in  incretising 
the  vertical  dimension  of  the  dental  height;  the  length -growth  of  the  ramus  is 
the  primary  factor.  Under  these  circumstances  the  inhibition  of  eruption 
phenomena  results  in  the  continued  growth  of  the  roots  deeper  within  the 
jaw  bone. 

It  must  be  recognized  that  the  jau'  bone  has  its  independent  pattern  of  growth  ^ 
which  is  in  no  way  dependent  upon  the  pattern  of  growth  ami  development  of 
the  teeth.  Fig.  3(i  presents  a  series  of  vicMs  of  anatomic  dissections  of  the  human 
embryo  at  7  months.  ‘A’  and  ‘H’  are  frontal  and  lateral  views,  res|H‘ctively, 
with  the  maxillary  left  lip  and  part  of  the  chwk  cut  away  to  disclo.se  the  jaws. 
The  location  of  the  crest  of  the  jaw  bone  is  at  some  distance  below  the  ridge  line. 
.\bove  the  crest  of  bone  in  the  direction  of  the  oral  cavity  is  .soft  ti.s.sue,  in  the 
Innly  of  which  part  of  the  dental  follicle  and  part  of  the  developing  crown  germ 
are  found.  The  pattern  of  bone  growth  g(K's  on  continuously  at  the  crest,  in¬ 
creasing  its  vertical  dimension,  and  simultaneously  outuard  in  tlu‘  direction  of 
the  lips  and  clu'ek. 

This  pattern  of  bone  growth  proci'ctls,  regardless  of  whetjuu-  or  not  tw'th  are 
developing  within  the  jaw.  The  evidence  showt'd  that  even  at  the  birth  stage 
the  crest  of  the  bone  had  not  grown  sufficiently  to  cover  the  occlu.sal  or  the 
incisal  surfaces  of  the  dev(‘loping  crowns  of  the  teeth;  but  at  the  9  months  stage 
a  definite  layer  of  bone  is  found  all  along  the  crest.  Hone  continues  to  be  formwl 
along  the  crest,  gradually  increa.sing  the  vertical  diimaision  of  the  laxly  of  the 
mandible  and  tlu*  dental  pi'ocess  of  the  maxilla,  d'he  crown  gta-m  ilevelops  in  its 
fixed  site  and  as  bone  is  added  along  the  crest  the  developing  crown  apjx'ars 
d(‘epcr  within  the  jaw  bone.  .\t  the  oA  yeais  stage  the  location  of  the  inei.sal 
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r  ig.  Sfi.  A~  frontal  view  of  human  foetus  about  7  months.  B  lateral  view  of  same  foetus 
with  part  of  the  lijis  and  eheek  dissected  away.  C-  frontal  view  of  same  foetus;  the  left 
lips  and  cheeks  ilissected  away  disclosing  crest  of  maxillary  hone.  Note  segmentation  of 
gingival  pad  resembling  contour  of  underlying  crown  germs.  1)-  .Vnterior  view  of  human 
foetus  with  lips  and  cheeks  dissected  away  showing  crest  of  premaxillary  hone.  Anterior 
gingival  pads  in  arrangement  of  segmentation  resembling  general  morphology  of  anterior 
teeth.  E  - Palatal  view  of  maxilla.  Note  crest  of  hone  and  segmented  gingival  pads. 
F — Sagittal  view  of  human  foetus  at  sagittal  plane.  Note  relation  of  maxillary  incisor 
crown  germ  to  floor  of  nose. 
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surface  of  the  mandibular  permanent  canine  crown  is  considerably  removed  from 
the  crest  of  bone.  This  is  due  to  the  continuous  growth  of  bone  in  the  vertical 
dimension,  the  crown  having  developed  and  remained  in  its  original  fixed  site. 

The  concept  that  the  alveolar  process  is  a  separate  entity  which  grows  under  ^ 
the  influence  of  developing  teeth  (4)  is,  I  believe,  unjustified.  The  alveolar  bone 
is,  to  my  mind,  part  and  parcel  of  the  jaw  bone,  and  the  septa  of  bone  designated 
as  alveolar  bone  are  thin  only  because  the  teeth  occupy  the  area  of  the  jaw  bone 
between  them.  In  cases  of  anadontia  the  growth  of  bone  occurs  along  the  crest, 
increasing  the  vertical  dimension  of  the  body  of  the  mandilile  and  the  dental 
process  of  the  maxilla.  The  normal  adult  dimensions  are  attained  without  the 
presence  of  alveolar  bone. 

A  retardation  of  bone  growth  will  necessarily  interfere  with  the  proper  position¬ 
ing  and  arrangement  of  teeth.  This  must  be  differentiated  from  the  general 
belief  that  a  retardation  of  bone  gro^vth  will  interfere  with  the  growth  and  the 
development  of  the  teeth.  This  supposed  interrelation  between  bone  growth  and 
tooth  development  is  non-existent.  Teeth  grow'  and  develop  normally,  regard¬ 
less  of  whether  there  is  retardation  of  bone  growth.  Only  their  normal  positions 
and  arrangements  are  disturbed.  Even  the  eruption  phenomenon  is  rarely 
disturbed  except  in  posterior  teeth,  due  to  the  retardation  of  the  length-grow'th  of 
the  ramus.  The  frequent  lingual  eruption  of  the  permanent  incisor  or  the  pre¬ 
molar  teeth  is  indicative  of  retardation  of  growth  of  bone;  and  these  teeth  enipt  in 
the  position  of  their  original  sites  of  growth  and  development.  I  believe,  there¬ 
fore,  that  the  explanation  for  a  large  group  of  cases  of  malocclusion  is  to  be  found 
in  a  retardation  of  growth  of  the  jaw  bones.  Such  retardation  need  not  neces¬ 
sarily  be  of  a  peimanent  nature.  The  important  factor  is  the  proper  synchroniza¬ 
tion  between  bone  growth  and  tooth  development.  There  are  periods  during 
growth  and  development  when  the  timing  factor  is  more  critical  than  at  others. 
These  are  the  periods  of  accelerated  grow'th  inter\'als  of  bone.  This  will  require 
additional  investigation. 

SUMMARY 

1.  The  development  of  the  crown  of  the  tooth  must  be  sharply  differentiated 
from  the  development  of  its  root.  2.  The  developing  tooth,  in  its  stages  of 
development  preceding  the  formation  of  its  root,  should  be  designated  as  the 
crown  germ.  3.  The  locus  of  initiation  of  the  crown  germ  varies  with  different 
,  teeth  of  the  dentitions.  4.  Wherever  the  locus  of  initiation  of  a  particular  tooth 
may  be,  the  crown  germ  continues  its  development  in  that  particular  site  wdthout 
bodily  shifting  its  location  until  the  crown  of  the  tooth  is  completed.  5.  In¬ 
stead  of  changing  its  position,  the  crow  n  germ  grow  s  eccentrically  in  all  directions, 
according  to  its  pattern.  Its  vertical  dimensions  are  increased  largely  by  pro¬ 
liferation  deeper  within  the  jaw  bone,  and  partly  by  apposition  of  enamel  in¬ 
crements  in  the  incisal  or  occlusal  regions.  6.  The  dental  follicle  is  a  very  im¬ 
portant  factor  in  the  growth  process  of  the  crown  germ.  Surrounding  the  outer 
enamel  epithelium,  it  grows  eccentrically  in  all  directions  in  anticipation  of  the 
growth  of  the  crown  germ.  7.  Growth  of  the  follicle  continues  until  the  maximum 
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space  for  the  completed  crown  of  the  tooth  is  attained.  8.  As  the  follicle  grows 
it  steadily  resorbs  the  bone  directlj’^  adjacent  to  it.  This  occurs  in  all  directions 
including  the  fundus.  9.  The  concept  that  the  crown  germ  moves  awaj’^  from 
the  fundus  as  it  increases  its  vertical  dimension  during  grow'th  is  therefore  in¬ 
correct.  10.  The  body  of  the  mandible  and  the  dental  process  of  the  maxilla 
increase  their  dimensions  largely  by  apposition  of  bone  along  the  crest.  11.  In 
the  embryologic  stages  and  even  at  the  birth  stage,  there  is  no  evidence  of  bone 
along  the  crest  covering  the  incisal  or  occlusal  surfaces  of  the  crown  germs.  12. 
At  the  9  months  old  period  bone  is  present  all  along  the  crest  covering  the  oc¬ 
clusal  surfaces  of  the  developing  crowns.  The  addition  of  bone  along  the  crest, 
increasing  the  vertical  dimension  of  the  body  of  the  mandible  and  the  dental 
process  of  the  maxilla,  creates  the  illusion  that  the  developing  crowns  migrate 
in  the  jaw  bone.  13.  The  growth  of  the  crowns  of  the  teeth  has  its  individual 
pattern  as  has  the  growth  of  bone.  They  are  independent  of  each  other.  14. 
A  retardation  of  bone  growth  may  influence  the  po.sitional  arrangement  of  teeth, 
but  not  the  growlh  and  development  of  teeth.  15.  Sj-nchronization  of  the 
growth  of  bone  and  tooth  development  is  the  important  factor  for  the  normal 
arrangement  of  teeth  in  the  arch.  16.  Migratory  movement  of  teeth  occurs  only 
after  the  dental  follicle  surrounding  the  crown  has  been  reduced,  resorption  of 
bone  adjacent  to  the  follicle  has  ceased,  and  the  enamel  of  the  crown  appears  in 
close  proximation  to  the  surrounding  bone.  The  surrounding  bone  then  becomes 
active,  apposition  being  noted  at  the  fundus  as  well  as  in  the  peripheral  regions, 
simultaneously  with  the  beginning  of  migratory  movement.  This  may  explain 
the  eruption  phenomenon.  17.  The  concept  that  sutural  bone  growth  increases 
dimensions  by  spreading  the  bone  adjacent  to  a  suture,  is  untenable.  18.  Ap¬ 
position  occurs  on  the  outer  surfaces  of  the  bones  adjacent  to  a  suture.  In  this 
way  the  outer  perimeter  is  steadily  enlarged,  maintaining  the  sutural  space  as 
growth  occurs  at  the  peripheral  ends  of  the  bones  adjacent  to  the  suture. 
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